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PATENT 
Attorney Docket No. 1 0 1 6 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This application claims priority to, and hereby incorporates by reference, provisional 
5 patent application 60/2 1 7,942, filed July 1 3, 2000. 

TECHNICAL FIELD 

The present invention relates generally to plant molecular biology. More specifically, it 
relates to nucleic acids and methods for modulating their expression in plants, and especially 
10 to novel regulatory elements which confer chemically-inducible, tissue-preferred gene 
expression. More specifically, the present invention is directed to a tissue-preferred regulatory 
element which is responsive to auxins, and to the use of said regulatory element. This invention 
is also directed to the native structural gene associated with said regulatory element in Zea mays. 

in 15 

K BACKGROUND OF THE INVENTION 

8! Auxin Responsiveness 

p Auxins are a group of chemicals which act as plant growth regulators. The class 

71 includes, for example, natural compounds such as indole-3 -acetic acid (IAA), as well as 
W 20 synthetic auxins such as dicamba, clopyralid, 2,4-dichlorophenoxyacetic acid (2,4-D), and 
i2 2,4,5-trichloroacetic acid (2,4,5-T). Auxins are implicated in the regulation of cell extension, 
cell division, tropisms, vascular differentiation, apical dominance, and root formation. Most, 
if not all, auxin-induced growth and developmental responses involve alterations in gene 
expression (Guilfoyle, T.J. (1986) CRC Critical Reviews in Plant Science 4:247-276). Auxin 
25 enhances the abundance of a select and conserved set of mRNAs in various plant species, 
allowing study of gene expression through monitoring of mRNAs, in vitro translation, and 
cDNA cloning. 

"Early genes", selectively induced in a primary response to auxin prior to the initiation 
of cell growth, are likely candidates to play a pivotal role in mediating growth-stimulating 
30 effects of the hormone. These primary-response genes are induced independent of de novo 
protein synthesis, indicating direct gene activation. Products of these primary-response genes 
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serve three main functions: emergency rescue and stress adaptation; intercellular 
communication; and transcriptional regulation of secondary genes to establish and coordinate 
long-term biological consequences through cascades of auxin signaling. (Abel and Theologis 
(1996) Plant Physiol. 1 1 1 :9-17) Thus, primary response genes are of interest both in terms of 
5 their activation in response to auxin and in terms of their gene products' downstream effects 
on plant growth and development. 

Multi-gene families of early-auxin-responsive genes have been identified across 
species. The large Aux/IAA gene family includes related genes from soybean, pea, mung 
bean, and Arabidopsis. Each is characterized by two to four introns at conserved positions 
10 and encodes a small hydrophilic polypeptide with a molecular mass of 19 to 36 kD. (Oeller, 
P.W., et al (1993) Journal of Molecular Biology 233:789-798) Aux/IAA mRNAs are 
specifically induced by biologically active auxins and do not respond to biologically inactive 
% auxin analogs, other plant hormones, or environmental stress. (Guilfbyle, T.J., "Auxin- 
5 Regulated Genes and Promoters," in: Hooykaas, P.J.J., et al., Biochemistry and Molecular 
;|i 15 Biology of Plant Hormones (Amsterdam, Elsevier, 1999) pp. 423-453) 
jfj In contrast, the SAUR (Small Auxin Up RNA) gene family has been studied in a 

W limited number of species. In soybean, five SAUR genes are closely clustered, do not contain 
h introns, and encode highly similar polypeptides of 9 to 1 0 kD. (Abel and Theologis, supra; 

Guilfoyle, T.J., 1 999, supra) An auxin-induced maize gene involved in coleoptile cell 
W 20 elongation was found to have homology to genes in the SAUR family (Knauss, T., et al , 
^ abstract, International Symposium on Auxins and Cytokinins in Plant Development, 26-30 

July 1999, Prague, Czech Republic). 

Still others types of auxin-responsive genes, such as ACC (1-amino-cyclopropane-l- 
carboxylic acid) Synthase, involved in ethylene synthesis, may be secondary response genes; 
25 i.e., expression is the result of secondary or indirect auxin effects. Several dozen other auxin- 
responsive cDNA clones from a range of species are less well characterized but demonstrate 
up- or down-regulation in response to auxin. Expression may also be tissue-specific. (See 
Tables 1 and 3 in Guilfoyle, T.J., 1999, supra) 

A need exists for further characterization of plant responses to auxin. "The list of 
30 auxin-induced transcripts continues to grow, emphasizing the plethora of mRNAs that are 
induced either directly or indirectly by auxin. These mRNAs encode a number of proteins 
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that play potential roles in auxin action and auxin-stimulated growth responses; however, none 
of these roles in auxin responses has been firmly established." (Guilfoyle, T.J., 1999, supra, p. 
15) Indeed, "despite its critical role in plant development and the immense volume of studies 
on the diverse auxin effects, understanding of the molecular mechanisms of auxin action 
5 remains one of the major challenges of plant biology." (Abel and Theologis, supra) 

Recent studies, including functional tests, have identified putative auxin response 
elements (AuxREs), conserved sequences in the promoter regions of auxin-responsive genes. 
Two relatively well-characterized AuxREs are the ocs/as-1 element and the TGTCNC 
element. 

10 The ocs/as-1 AuxRE was originally identified as an enhancer element in the promoter 

of the Agrobacterium tumefaciens octopine synthase gene (Ellis et al (1987) EMBO Journal 
6:3203-3208), and similar sequences were subsequently found in the promoter regions of 
several plant DNA viruses and of soybean and tobacco glutathione S-transferase (GST) genes, 
jj It is noted that GST genes may respond not only to exogenous auxins but also to a variety of 
ill 15 other hormones, chemical agents, pathogens, and wounding. (Guilfoyle and Hagen, "Potential 
5'P Use of Hormone-responsive Elements to Control Gene Expression in Plants," in Inducible 
S Gene Expression (CAB International, 1999)) The element is a 20-bp DNA sequence that 

Q consists of an 8-bp direct repeat separated by 4 bp; it has been shown to respond to both 

J biologically active auxins (e.g., IAA, alpha-NAA, 2,4-D, 2,4,5-T) and biologically inactive or 
W 20 weak auxin analogs (e.g., 2,3-D, 2,5-D, 2,6-D, 3,4-D, 3,5-D, 2,4,6-T, and beta-NAA). (see 
y, Guilfoyle and Hagen, supra) 

In contrast, in the soybean GH3 gene, a composite of two adjacent or overlapping 
elements, a constitutive element and a TGTCTC element, function in combination to confer 
responsiveness to biologically active auxins only. (Guilfoyle & Hagen, supra, p. 223) 
25 (Guilfoyle, supra, p. 28) Variation in the combination can result in temporal, tissue, and/or 
developmental specificity of hormone-induced expression for a particular gene. Synthetic 
composite AuxREs further indicate that the TGTCTC element might function as a global 
AuxRE within plant genomes and could be coupled with a variety of constitutive elements. 
Further identification and characterization of auxin-responsive elements in crop 
30 species would be useful in refining control of plant growth and development. 
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Promoters 

Expression of heterologous DNA sequences in a plant host is dependent upon the 
presence of an operably-linked promoter that is functional within the plant host. Choice of the 
promoter sequence will determine when and where within the organism the heterologous 
5 DNA sequence is expressed. 

Where continuous expression is desired throughout the cells of a plant, constitutive 
promoters are utilized. Examples of constitutive promoters include the cauliflower mosaic 
virus (CaMV) 35S transcription initiation region, the Nos 9 V- or 2'- promoter derived from T- 
DNA of Agrobacterium tumefaciens, the ubiquitin 1 promoter, the Smas promoter, the 
10 cinnamyl alcohol dehydrogenase promoter (U.S. Patent No. 5,683,439), the pEmu promoter, 
the rubisco promoter, the GRP1-8 promoter, and other transcription initiation regions from 
various plant genes known to those of skill. 

Alternatively, the plant promoter can direct expression of a polynucleotide of the 
present invention in a specific tissue or may be otherwise under more precise environmental 
ill 15 or developmental control. Where gene expression in response to a stimulus is desired, 
H| inducible promoters are the regulatory element of choice. The ability to selectively induce the 

ffl expression of specific genes allows for the manipulation of development and function not only 

Q at the cellular level, but also at the system and organismal level. Generally, a specific 

, 7 nucleotide sequence known as a response element is located in the 5' regulatory region of a 

W 20 target gene that is activated by the stimulus. Environmental conditions that may effect 
ill transcription by inducible promoters include pathogen attack, anaerobic conditions, or the 

presence of light. Examples of inducible promoters are the Adhl promoter which is inducible 
by hypoxia or cold stress, the Hsp70 promoter which is inducible by heat stress, and the 
PPDK promoter which is inducible by light. 
25 Where expression in specific tissues or organs is desired, tissue-preferred promoters 

are used; these promoters can preferentially drive expression in specific tissues or organs. 
Examples of promoters under developmental control include promoters that initiate 
transcription only, or preferentially, in certain tissues, such as leaves, roots, fruit, seeds, or 
flowers. Exemplary promoters include the anther-specific promoter 5126 (U.S. Patent Nos. 
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5,689,049 and 5,689,051), glb-1 promoter, and gamma-zein promoter. See U.S. Patent 
5,986,174 for a discussion of methods to identify tissue-preferred transcriptional regulatory 
elements. 

Additional regulatory sequences upstream and/or downstream from the core promoter 
sequence can be included in expression cassettes of transformation vectors to bring about 
varying levels of expression of heterologous nucleotide sequences in a transgenic plant. 

Reproductive Biology 

Control of pollen fertility is essential in hybrid crop production. In hybrid maize 
production, control of pollen fertility is typically accomplished by physically removing the male 
inflorescence, or tassel, prior to pollen shed. Manual detasseling is highly labor- intensive. 
Although mechanical detasseling is less labor-intensive than manual detasseling, mechanical 
detasseling is less reliable; it requires subsequent examination of the crop and may require 
remedial manual detasseling. Both methods of detasseling cause a reduction of yield. 

Pollen fertility can also be controlled by applying a chemical composition to the plant or 
soil to prevent pollen production in female plants. See, for example, Ackmann et al , U.S. patent 
No. 4,801 ,326. According to this method, hybrid seeds are produced by the fertilization of the 
treated female plants with pollen from non-treated plants. However, the chemical approach is 
labor-intensive and presents potential problems with the toxicity of chemicals introduced into the 
environment. 

Another approach to the control of fertility is based upon the use of a cytoplasmic gene(s) 
for male sterility. See, for example, Patterson, U.S. Patent No. 3,861,079. The problem with this 
approach, however, is that the expression of certain cytoplasmic male sterility genes is 
accompanied by increased susceptibility to fungal pathogens. For example, extensive use of one 
cytotype, cmsT, led to an epiphytic outbreak of Southern Corn Leaf Blight in the early 1970 ! s. 
Although additional cms cytotypes have become available, their use has not become widespread 
due to the concern over possible susceptibility to the Southern Corn Leaf Blight pathogen, or to 
other, as yet unknown, pathogens. 

One type of genetic sterility is disclosed in U.S. Patents 4,654,465 and 4,727,219 to 
Brar, et al. However, this form of genetic male sterility requires maintenance of multiple 
mutant genes at separate locations within the genome and requires a complex marker system. 



Other attempts have been made to improve on these methods to control fertility. For 
example, see EPO 0329308 and WO 90/08828, which describe an antisense system in which a 
gene critical to fertility is identified and an antisense construct to that gene is used to generate 
sterility. U.S. Patent 5,426,041 describes a method of transforming plants to produce a gene 
5 product which interferes with pollen formation and/or function. 

In summary, a functional promoter which can be induced by exogenous application of 
an auxin and which results in preferential expression in specific tissues or organs is of interest. 
A need continues to exist for novel methods of controlling fertility in maize plants. 
Combination of the inducible, tissue-preferred promoter with a gene to overcome male 
10 sterility would be useful, particularly in hybridization of maize. 

Transformation 

y Current methods for genetic engineering in maize require a specific cell type as the 

recipient of new DNA. These cells are found in relatively undifferentiated, rapidly-growing 
ill 15 callus cells, or on the scutellar surface of the immature embryo (which gives rise to callus). 
I't; Irrespective of the delivery method currently used, DNA is introduced into thousands of cells, yet 

81 stably-transformed cells are recovered at frequencies of 10" relative to transiently-expressing 

P cells. Exacerbating this problem, the trauma that accompanies DNA introduction directs 

?f recipient cells into cell cycle arrest, and evidence suggests that many of these cells are directed 

W 20 into apoptosis or programmed cell death. (Bowen et aL, Third International Congress of the 
J: International Society for Plant Molecular Biology, 1991 Abstract 1093). Therefore it would be 

desirable to provide improved methods capable of increasing transformation efficiency. 

While significant advances in plant transformation have been made over the last few years, 
in major crop plants, such as maize and soybeans, serious genotype limitations still exist. 
25 Transformation of model genotypes is efficient, but many elite genotypes fail to produce a 
favorable culture response, and the process of introgressing transgenes into production inbreds is 
laborious, expensive and time-consuming. One approach to improving recovery of transformants 
from culture is through expression of polynucleotides which may enhance tissue culture 
response, induce somatic embryogenesis, induce apomixis, increase transformation efficiency 
30 and/or increase recovery of regenerated plants. This would include, for example, expression in 
transformed cells of a LEC1 (leafy cotyledon 1) polynucleotide (U.S. patent application 



09/435,054 and WO 00/28058, hereby incorporated by reference). However, a preferred 
promoter is needed to optimize improvements in transformation efficiency such as that conferred 
byLECl. 

5 

SUMMARY OF THE INVENTION 

Generally, it is an object of the present invention to provide nucleic acids and proteins 
relating to an auxin-induced polynucleotide, ZmAxigU including transcription regulatory 
elements of said polynucleotide. It is an object of the present invention to provide transgenic 
10 plants comprising the nucleic acids of the present invention, and methods for modulating, in a 
transgenic plant, the expression of the nucleic acids of the present invention. 

Therefore, in one aspect the present invention relates to an isolated nucleic acid 
% comprising a member selected from the group consisting of (a) a polynucleotide having a 

;2 specified sequence identity to a polynucleotide of the present invention; (b) a polynucleotide 

ill 15 which is complementary to the polynucleotide of (a) ; and, (c) a polynucleotide comprising a 
It! specified number of contiguous nucleotides from a polynucleotide of (a) or (b). The isolated 

ffi nucleic acid can be DNA. 

p In other aspects the present invention relates to: 1) recombinant expression cassettes 

s ? comprising a nucleic acid of the present invention operably linked to a gene of interest, 2) a 

U 20 host cell into which has been introduced the recombinant expression cassette, and 3) a 
Pb transgenic plant comprising the recombinant expression cassette. The host cell and plant are 

optionally a maize cell or maize plant, respectively. 

It is also an object of the present invention to provide a novel nucleotide sequence for 

modulating gene expression in a plant. 
25 It is a further object of the present invention to provide an isolated promoter capable of 

driving expression in response to exogenous auxin. The promoter of the present invention can 

be used to drive expression not only of its native coding sequence, but also of heterologous 

nucleotide sequences. 

It is a further object of the present invention to provide a method for creating useful 
30 changes in the phenotype of a transformed plant. 
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It is a further object of the present invention to provide a method for producing a novel 
product in a transformed plant. 

It is a further object of the present invention to provide a method for producing a novel 
function or restoring an interrupted function in a transformed plant. 

It is a further object of the present invention to provide a method for improving 
transformation efficiency. 

Therefore, in one aspect, the present invention relates to an isolated nucleic acid 
comprising a member selected from the group consisting of: 

a) nucleic acids driving expression of the polynucleotide encoding ZmAxigl; 

b) nucleic acids comprising a functional variant or fragment of the sequence 
set forth in SEQ ID NO: 3, 4, or 16; 

c) the nucleic acid set forth in SEQ ID NO: 3, 4, or 16; 

d) the nucleic acids deposited with the American Type Culture Collection on 
August 29, 2000, and designated as PTA-2426 and PTA-2427; 

e) nucleic acids that hybridize to any one of a), b), c) or d), under stringent 
conditions, wherein stringent conditions include: hybridization at 42°C in a solution of 
50%(w/v) formamide, 6X SSC, 0.5% SDS, 100(ig/ml salmon sperm DNA, washed with 0.5% 
SDS and 0.1 X SSC at about 65° C for about 30 minutes and repeated; and 

f) nucleic acids having at least 75% sequence identity to SEQ ID NO.: 3, 
4, or 16 wherein the % sequence identity is based on the entire sequence and is determined by 
GAP analysis under default parameters. 

g) Nucleic acids isolated from the 5' regulatory region of a polynucleotide 
having at least 75% identity to the ZmAxigl maize coding region. 

h) In other aspects, the present invention relates to expression cassettes 
comprising the promoter operably linked to a nucleotide sequence, vectors containing the 
expression cassette, and plants stably transformed with at least one such expression cassette. 

In a further aspect, the present invention relates to a method for modulating expression 
in a stably transformed plant, comprising the steps of (a) transforming a plant cell with an 
expression cassette comprising the promoter of the present invention operably linked to at 
least one nucleotide sequence; (b) growing the plant cell under appropriate growing conditions 
and (c) regenerating a stably transformed plant from the plant cell wherein the linked 



nucleotide sequence is expressed upon induction of said promoter with an auxin. 

In a further aspect, the present invention relates to a method for modulating gene 
expression in tissue culture, comprising the steps of (a) transforming a plant cell with an 
expression cassette comprising the promoter of the present invention operably linked to at 
5 least one nucleotide sequence; and (b) growing the plant cell under appropriate growing 
conditions wherein the linked nucleotide sequence is expressed upon induction of said 
promoter with an auxin. 

Definitions 

10 Units, prefixes, and symbols may be denoted in their SI accepted form. Unless 

otherwise indicated, nucleic acids are written left to right in 5 r to 3' orientation; amino acid 
sequences are written left to right in amino to carboxy orientation, respectively. Numeric 
ranges recited within the specification are inclusive of the numbers defining the range and 
%D include each integer within the defined range. Amino acids may be referred to herein by 

m 15 either their commonly known three-letter symbols or by the one-letter symbols recommended 
: !j by the IUPAC-IUB Biochemical Nomenclature Commission. Nucleotides, likewise, may be 

53 referred to by their commonly accepted single-letter codes. Unless otherwise provided for, 

software, electrical, and electronics terms as used herein are as defined in The New IEEE 
y Standard Dictionary of Electrical and Electronics Terms (5 th edition, 1 993). The terms defined 

i ;j 20 below are more fully defined by reference to the specification as a whole. 
^ As used herein, "antisense orientation" includes reference to a duplex polynucleotide 

sequence that is operably linked to a promoter in an orientation where the antisense strand is 
transcribed. The antisense strand is sufficiently complementary to an endogenous 
transcription product such that translation of the endogenous transcription product is often 
25 inhibited. 

By "encoding" or "encoded", with respect to a specified nucleic acid, is meant 
comprising the information for translation into the specified protein. A nucleic acid encoding 
a protein may comprise non-translated sequences (e.g., introns) within translated regions of 
the nucleic acid, or may lack such intervening non-translated sequences (e.g., as in cDNA). 
30 The information by which a protein is encoded is specified by the use of codons. 
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When the nucleic acid is prepared or altered synthetically, advantage can be taken of 
known codon preferences of the intended host where the nucleic acid is to be expressed. For 
example, although nucleic acid sequences of the present invention may be expressed in both 
monocotyledonous and dicotyledonous plant species, sequences can be modified to account 
5 for the specific codon preferences and GC content preferences of monocotyledons or 

dicotyledons as these preferences have been shown to differ (Murray et al. Nucl Acids Res. 
17: 477-498 (1989)). Thus, the maize preferred codon for a particular amino acid may be 
derived from known gene sequences from maize. Maize codon usage for 28 genes from 
maize plants is listed in Table 4 of Murray et al, supra. Codon usage in the coding regions of 
10 the polynucleotides of the present invention can be analyzed statistically using commercially 
available software packages such as "Codon Preference" available from the University of 
Wisconsin Genetics Computer Group (see Devereaux et al, Nucleic Acids Res. 12: 387-395 
(1984)) or Mac Vector 4.1 (Eastman Kodak Co., New Haven, Conn.). 
B As used herein, "full-length sequence" in reference to a specified polynucleotide or its 

m 15 encoded protein means having the entire amino acid sequence of a native (non-synthetic), 
fJi endogenous, biologically-active form of the specified protein. Methods to determine whether a 

II sequence is full-length are well known in the art including such exemplary techniques as 

□ northern or western blots, primer extension, SI protection, and ribonuclease protection. See, 

/J e.g., Plant Molecular Biology: A Laboratory Manual, Clark, Ed., Springer-Verlag, Berlin 
U 20 (1997). 

j** As used herein, "heterologous" in reference to a nucleic acid is a nucleic acid 

that originates from a foreign species, or, if from the same species, is substantially modified 
from its native form in composition and/or genomic locus by deliberate human intervention. 
For example, a promoter operably linked to a heterologous structural gene is from a species 

25 different from that from which the structural gene was derived, or, if from the same species, 
one or both are substantially modified from their original form. A heterologous protein may 
originate from a foreign species or, if from the same species, is substantially modified from its 
original form by deliberate human intervention. 

By "host cell" is meant a cell which contains a vector and supports the replication 

30 and/or expression of the vector. A particularly preferred monocotyledonous host cell is a 
maize host cell. 
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The term "introduced," in the context of inserting a nucleic acid into a cell, means 
"transfection" or "transformation" or "transduction" and includes reference to the 
incorporation of a nucleic acid into a eukaryotic or prokaryotic cell where the nucleic acid 
may be incorporated into the genome of the cell (e.g., chromosome, plasmid, plastid or 
5 mitochondrial DNA), converted into an autonomous replicon, or transiently expressed (e.g., 
transfected mRNA). 

The term "isolated" refers to material, such as a nucleic acid or a protein, which is: (1) 
substantially or essentially free from components which normally accompany or interact with 
it as found in its natural environment. The isolated material optionally comprises material not 
10 found with the material in its natural environment; or (2) if the material is in its natural 
environment, the material has been synthetically altered or synthetically produced by 
deliberate human intervention and/or placed at a different location within the cell. The 
synthetic alteration or creation of the material can be performed on the material within or apart 
•0 from its natural state. For example, a naturally-occurring nucleic acid becomes an isolated 

if! 15 nucleic acid if it is altered or produced by non-natural, synthetic methods, or if it is transcribed 
J tJ from DNA which has been altered or produced by non-natural, synthetic methods. The 

CS isolated nucleic acid may also be produced by the synthetic re-arrangement ("shuffling") of a 

q part or parts of one or more allelic forms of the gene of interest. See, e.g., Compounds and 
y Methods for Site Directed Mutagenesis in Eukaryotic Cells, Kmiec, US. Patent No. 
iy 20 5,565,350; In Vivo Homologous Sequence Targeting in Eukaryotic Cells; Zarling et al 9 
2 PCT/US93/03868; PCT publication No. WO 97/20078; Zhang, J.- H., et al Proc. Natl Acad 
Set USA 94:4504-4509 (1997). 

Likewise, a naturally-occurring nucleic acid (e.g., a promoter) becomes isolated if it is 
introduced to a different locus of the genome. Nucleic acids which are "isolated," as defined 

25 herein, are also referred to as "heterologous" nucleic acids. 

As used herein, "nucleic acid" includes reference to a deoxyribonucleotide or 
ribonucleotide polymer, or chimeras thereof, in either single- or double-stranded form, and 
unless otherwise limited, encompasses known analogues having the essential nature of natural 
nucleotides in that they hybridize to single-stranded nucleic acids in a manner similar to 

30 naturally-occurring nucleotides (e.g., peptide nucleic acids). 
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Unless otherwise stated, a "ZmAxigl nucleic acid" is a nucleic acid of the present 
invention and means a nucleic acid comprising a polynucleotide of the present invention (a 
"ZrnAxigl polynucleotide"). 

By "nucleic acid library" is meant a collection of isolated DNA or RNA molecules 
5 which comprise and substantially represent the entire transcribed fraction of a genome of a 
specified organism or of a tissue from that organism. Construction of exemplary nucleic acid 
libraries, such as genomic and cDNA libraries, is taught in standard molecular biology 
references such as Berger and Kimmel, Guide to Molecular Cloning Techniques, Methods in 
Enzymology, Vol 152, Academic Press, Inc., San Diego, CA (Berger); Sambrook et al, 
10 Molecular Cloning - A Laboratory Manual 2nd ed., Vol. 1-3 (1989); and Current Protocols 
in Molecular Biology, F.M. Ausubel et al, Eds., Current Protocols, a joint venture between 
Greene Publishing Associates, Inc. and John Wiley & Sons, Inc. (1994). 
*~ As used herein "operably linked" includes reference to a functional linkage between a 

v @ promoter and a second sequence, wherein the promoter sequence initiates and mediates 

tj] 15 transcription of the DNA sequence corresponding to the second sequence. Generally, 
s':» operably linked means that the nucleic acid sequences being linked are contiguous and, where 

Cfi necessary to join two protein coding regions, contiguous and in the same reading frame. 

q As used herein, the term "plant" includes reference to whole plants, plant parts or 

organs (e.g., leaves, stems, roots, etc.), plant cells, seeds and progeny of same. Plant cell, as 
W 20 used herein, further includes, without limitation, cells obtained from or found in: seeds, 
l2 suspension cultures, embryos, meristematic regions, callus tissue, leaves, roots, shoots, 

gametophytes, sporophytes, pollen, and microspores. Plant cells can also be understood to 
include modified cells, such as protoplasts, obtained from the aforementioned tissues. The 
class of plants which can be used in the methods of the invention is generally as broad as the 
25 class of higher plants amenable to transformation techniques, including both 

monocotyledonous and dicotyledonous plants. A particularly preferred plant is Zea mays. 

As used herein, "polynucleotide" includes reference to a deoxyribopolynucleotide, 
ribopolynucleotide, or chimeras or analogs thereof that have the essential nature of a natural 
deoxy- or ribo- nucleotide in that they hybridize, under stringent hybridization conditions, to 
30 substantially the same nucleotide sequence as naturally occurring nucleotides and/or allow 
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translation into the same amino acid(s) as the naturally occurring nucleotide(s). A 
polynucleotide can be full-length or a subsequence of a native or heterologous structural or 
regulatory gene. Unless otherwise indicated, the term includes reference to the specified 
sequence as well as the complementary sequence thereof. The term polynucleotide as it is 
5 employed herein embraces chemically-, enzymatically- or metabolically-modifiedforms of 
polynucleotides, as well as the chemical forms of DNA and RNA characteristic of viruses and 
cells, including among other things, simple and complex cells. 

The terms "polypeptide" , "peptide" and "protein" are used interchangeably herein to 
refer to a polymer of amino acid residues. The terms include reference to analogues of 
10 naturally occurring amino acids which, when incorporated into a protein, do not alter that 
protein's antibody reactivity. 

By "promoter" is intended a regulatory region of DNA usually comprising a TATA 
S box capable of directing RNA polymerase II to initiate RNA synthesis at the appropriate 

^2 transcription initiation site for a particular coding sequence. A promoter can additionally 

Ifi 15 comprise other recognition sequences generally positioned upstream or 5' to the TATA box, 
Jti referred to as upstream promoter elements, which influence the transcription initiation rate. It 

m is recognized that having identified the nucleotide sequences for the promoter region disclosed 

p herein, it is within the state of the art to isolate and identify further regulatory elements in the 

, ! : 5' untranslated region upstream from the particular promoter region identified herein. Thus 

W 20 the promoter region disclosed herein is generally further defined by comprising upstream 
i2 regulatory elements such as those responsible for tissue and temporal expression of the coding 

sequence, enhancers and the like. In the same manner, the promoter elements which enable 
expression in the desired tissue can be identified, isolated, and used with other core promoters. 
A "plant promoter" is a promoter capable of initiating transcription in plant cells, 
25 whether or not its origin is a plant cell. Exemplary plant promoters include, but are not 
limited to, those that are obtained from plants, plant viruses, and bacteria which comprise 
genes expressed in plant cells such Agrobacterium or Rhizobium. Examples of promoters 
under developmental control include promoters that preferentially initiate transcription in 
certain tissues, such as leaves, roots, anthers, or seeds. Such promoters are referred to as 
30 "tissue-preferred". Promoters which initiate transcription only in certain tissue are referred to 
as "tissue-specific". A "cell-type" specific promoter primarily drives expression in certain cell 
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types in one or more organs, for example, vascular cells in roots or leaves. An "inducible" or 

"repressible" promoter is a promoter which is under environmental control. Examples of 

environmental conditions that may effect transcription by inducible promoters include 

anaerobic conditions, the presence of light, or the presence of a growth regulator such as an 
5 auxin. Tissue-specific, tissue-preferred, cell-type-specific, and inducible promoters constitute 

the class of "non-constitutive" promoters. A "constitutive" promoter is a promoter which is 

active under most environmental conditions. 

The term "ZmAxigl polypeptide" refers to a polypeptide of the present invention and 

refers to one or more amino acid sequences, in glycosylated or non-glycosylated form. The 
10 term is also inclusive of fragments, variants, homologs, alleles or precursors (e.g., 

preproproteins or proproteins) thereof. A "ZmAxigl protein" is a protein of the present 

invention and comprises a ZmAxigl polypeptide. 
^ As used herein, "recombinant" includes reference to a cell or vector that has been 

tfJ modified by the introduction of a heterologous nucleic acid, or to a cell derived from a cell so 

li 15 modified. Thus, for example, as a result of deliberate human intervention, recombinant cells 
S express genes that are not found in identical form within the native (non-recombinant) form of 

ffi the cell, or express native genes that are otherwise abnormally expressed, under-expressed or 
O not expressed at all, or exhibit reduced expression of a native gene, relative to a non- 

recombinant cell. The term "recombinant" as used herein does not encompass the alteration of 
W 20 the cell or vector by naturally-occurring events (e.g., spontaneous mutation, natural 
jTT transformation/transduction/transposition) such as those occurring without deliberate human 

intervention. 

As used herein, a "recombinant expression cassette" is a nucleic acid construct, 
generated recombinantly or synthetically, with a series of specified nucleic acid elements 
25 which permit transcription of a particular nucleic acid in a host cell. The recombinant 

expression cassette can be incorporated into a plasmid, chromosome, mitochondrial DNA, 
plastid DNA, virus, or nucleic acid fragment. Typically, the recombinant expression cassette 
portion of an expression vector includes, among other sequences, a nucleic acid to be 
transcribed, and a promoter. 
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The terms "residue" or "amino acid residue" or "amino acid" are used interchangeably 
herein to refer to an amino acid that is incorporated into a protein, polypeptide, or peptide 
(collectively "protein"). 

The term "stringent conditions" or "stringent hybridization conditions" includes 
5 reference to conditions under which a probe will selectively hybridize to its target sequence, to 
a detectably greater degree than to other sequences (e.g., at least 2-fold over background). 
Stringent conditions are sequence-dependent and will be different in different circumstances. 
By controlling the stringency of the hybridization and/or washing conditions, target sequences 
can be identified which are 100% complementary to the probe (homologous probing). 
10 Alternatively, stringency conditions can be adjusted to allow some mismatching in sequences 
so that lower degrees of similarity are detected (heterologous probing). Generally, a probe is 
less than about 1000 nucleotides in length, optionally less than 500 nucleotides in length. 
^ Typically, stringent conditions will be those in which the salt concentration is less than 

about 1.5 MNa ion, typically about 0.01 to 1 .0 M Na ion concentration (or other salts) at pH 
^ 15 7.0 to 8.3 and the temperature is at least about 30°C for short probes (e.g., 10 to 50 

nucleotides) and at least about 60°C for long probes (e.g., greater than 50 nucleotides). 
?;S Stringent conditions may also be achieved with the addition of destabilizing agents such as 

m formamide. Exemplary low-stringency conditions include hybridization with a buffer solution 

^ of 30 to 35% formamide, 1 M NaCl, 1% SDS (sodium dodecyl sulphate) at 37°C, and a wash 

y 20 in IX to 2X SSC (20X SSC = 3.0 M NaCl/0.3 M trisodium citrate) at 50 to 55°C. Exemplary 
moderate-stringency conditions include hybridization in 40 to 45% formamide, 1 M NaCl, 1% 
SDS at 37°C, and a wash in 0.5X to IX SSC at 55 to 60°C. Exemplary high-stringency 
conditions include hybridization in 50% formamide, 1 M NaCl, 1% SDS at 37°C, and a wash 
in 0.1XSSCat60to65°C. 
25 Specificity is typically the function of post-hybridization washes, the critical factors 

being the ionic strength and temperature of the final wash solution. Hybridization and/or 
wash conditions can be applied for at least 10, 30, 60, 90, 120, or 240 minutes. An extensive 
guide to the hybridization of nucleic acids is found in Tijssen, Laboratory Techniques in 
Biochemistry and Molecular Biology-Hybridization with Nucleic Acid Probes, Part I, Chapter 
30 2 "Overview of principles of hybridization and the strategy of nucleic acid probe assays", 

Elsevier, New York (1993); and Current Protocols in Molecular Biology, Chapter 2, Ausubel, 
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et a/., Eds., Greene Publishing and Wiley-Interscience, New York (1995). See also Sambrook 
et al (1989) Molecular Cloning: A Laboratory Manual (2nd ed. Cold Spring Harbor 
Laboratory, Cold Spring Harbor, N. Y.). 

As used herein, "transgenic plant" includes reference to a plant which comprises 
5 within its genome a heterologous polynucleotide. "Transgenic" is used herein to include any 
cell, cell line, callus, tissue, plant part or plant, the genotype of which has been altered by the 
presence of heterologous nucleic acid, including those transgenics initially so altered as well 
as those created by sexual crosses or asexual propagation from the initial transgenic. The term 
"transgenic" as used herein does not encompass the alteration of the genome (chromosomal or 
10 extra-chromosomal) by conventional plant breeding methods or by naturally-occurring events. 
By "variants" is intended substantially identical sequences. Naturally-occurring 
variants can be identified and/or isolated with the use of well-known molecular biology 
' rf techniques, as, for example, with PCR and hybridization techniques as outlined herein. Other 

^13 variants, such as those resulting from site-directed mutagenesis, are also encompassed by the 

m 15 compositions of the present invention. 

Hi As used herein, "vector" includes reference to a nucleic acid used in introduction of a 

1 in; 

s 

CO polynucleotide of the present invention into a host cell. Vectors are often replicons. 

p Expression vectors permit transcription of a nucleic acid inserted therein. 

. ^ Methods of alignment of sequences for comparison are well known in the art. Optimal 

W 20 alignment of sequences for comparison may be conducted by the local homology algorithm of 

2 Smith and Waterman, Adv. Appl. Math. 2: 482 (1 98 1); by the homology alignment algorithm 
of Needleman and Wunsch, J. Mol. Biol. 48: 443 (1970); by the search for similarity method 
of Pearson and Lipman, Proc. Natl. Acad. Sci. 85: 2444 (1988); by computerized 
implementations of these algorithms, including, but not limited to: CLUSTAL in the PC/Gene 

25 program by Intelligenetics, Mountain View, California; GAP, BESTFIT, BLAST, FASTA, 
and TFASTA in the Wisconsin Genetics Software Package, Genetics Computer Group 
(GCG), 575 Science Dr., Madison, Wisconsin, USA; the CLUSTAL program is well 
described by Higgins and Sharp, Gene 73: 237-244 (1988); Higgins and Sharp, CABIOS 5: 
151-153 (1989); Corpet, etal, Nucleic Acids Research 16: 10881-90 (1988); Huang, et al, 

30 Computer Applications in the Biosciences 8: 155-65 (1992), and Pearson, etal, Methods in 
Molecular Biology 24: 307-331 (1994). 
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The BLAST family of programs can be used for database similarity searches. See, Current 
Protocols in Molecular Biology, Chapter 19, Ausubel, et aL, Eds., Greene Publishing and 
Wiley-Interscience, New York (1995); Altschul et al, 1 Mol Biol, 215:403-410 (1990); 
Henikoff & Henikoff (1989) Proc. Natl Acad Sci. USA 89:10915; Karlin & Altschul, Proc. 
5 Natl Acad Sci USA 90:5873-5877 (1993); Wooten and Federhen, Comput. Chem., 17:149- 
163 (1993); Claverie and States, Comput. Chem., 17:191-201 (1993); and, Altschul et al, 
Nucleic Acids Res. 25:3389-3402 (1997). Software for performing BLAST analyses is 
publicly available, e.g., through the National Center for Biotechnology Information 
(http://www.ncbi.nlm.nih.gov/). 
10 GAP (Global Alignment Program) can also be used to compare a polynucleotide or 

polypeptide of the present invention with a reference sequence. Unless otherwise stated, 
nucleotide and protein identity/similarity values provided herein are calculated using GAP 
(GCG Version 10) under default values. GAP uses the algorithm of Needleman and Wunsch 
(J. Mol Biol. 48: 443-453, 1970) to find the alignment of two complete sequences that 

I ft 15 maximizes the number of matches and minimizes the number of gaps. 

Multiple alignment of the sequences can be performed using the CLUSTAL method of 

k alignment (Higgins and Sharp (1989) CABIOS. 5:151-153). 

j*5 As used herein, "sequence identity" or "identity" in the context of two nucleic acid or 

= " ft f polypeptide sequences includes reference to the residues in the two sequences which are the 

ijj 20 same when aligned for maximum correspondence over a specified comparison window. 
rT As used herein, "percentage of sequence identity" means the value determined by 

comparing two optimally aligned sequences over a comparison window, wherein the portion 
of the polynucleotide sequence in the comparison window may comprise additions or 
deletions (i.e., gaps) as compared to the reference sequence (which does not comprise 
25 additions or deletions) for optimal alignment of the two sequences. The percentage is 

calculated by determining the number of positions at which the identical nucleic acid base or 
amino acid residue occurs in both sequences to yield the number of matched positions, 
dividing the number of matched positions by the total number of positions in the window of 
comparison and multiplying the result by 100 to yield the percentage of sequence identity. 

30 
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BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 shows the average gel trace of digested cDNA fragments from dicamba-treated 
anthers (upper panel) or non-treated anthers (lower panel). The peak showing expression level 
5 for w0h05 1 .7 (SEQ ID No. 13) is marked with a vertical line. The y axis is in arbitrary 
fluorescence units, whereas the x axis is in base pairs of nucleotides. 

Figure 2 is a GAP comparison of DNA sequences of cloned band w0h051.7 (SEQ ID No. 13) 
and Pioneer EST CJLPI81 (SEQ ID No. 12). 

Figure 3 is a Northern blot probed with CJLPI81 (SEQ ID No. 12) and actin. Lanes contain, 
10 from left to right: mRNA from anthers of two different dicamba-treated plants; anthers of a 
Dichlormid-treated plant; anthers of a non-treated plant; tassel, whorl leaf and tassel of 
dicamba-treated plants. 

•;3 Figure 4 is a Northern blot probed with actin, GST-IV (Jepson, I., et al. Plant Mol Biol. 

26(6): 1 855-66 (Dec. 1 994)), In2-2 (Hershey, H.P., and T.D. Stoner. Plant Mol Biol. 
m 15 17(4):679-90 (Oct. 1991)) and CJLPI81 (SEQ ID No. 12). Lanes contain mRNA from aerial 
JO portion of two-week-old seedlings treated with the following agrochemicals, from left to right: 
W Banvel®, Basagran®, Carboxin, CBSU, ConcepIII®, Dichlormid, Diuron, Metalaxyl, Tilt®, 

Q methanol carrier, water, 0.1X Diuron. The last lane contains mRNA from cultured BMS cells. 

V., £ 

sj. Figure 5 is a comparison of the amino acid sequences of the putative ZmAxigl protein 

W 20 product and PS-IAA4/5. 

m! Figure 6 shows Northern blot analyses of mRNA from anthers from male-fertile or male- 

sterile 5126:DAM plants treated with dicamba, or not treated. 

Figure 7 shows in situ hybridizations with quartet-stage anthers treated with dicamba, or not 
treated. 

25 Figure 8 shows Northern blot analyses of cell lines transformed with VI or V2. 

Figure 9 is a GAP comparison of the full-length ZmAxigl sequence (Sequence ID No. 5) and 

the CZAAL47 sequence (Sequence ID No. 1). 

Figure 10 provides sequence names corresponding to SEQ ID NOs. 

Figure 11 shows effect of Lecl constructs on transformation efficiency. 

30 
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DETAILED DESCRIPTION OF THE INVENTION 

Overview 

In accordance with the invention, a nucleotide sequence is provided that preferentially 
initiates transcription in response to presence of an auxin. The sequences of the invention 
5 comprise transcription initiation regions associated with hormone responsiveness and 

preferential expression in male reproductive tissues and/or in callus tissue. Thus, certain 
compositions of the present invention comprise a novel nucleotide sequence for a plant 
promoter, more particularly an auxin-responsive, tapetum-preferred or callus-preferred 
promoter for the gene ZmAxigL Said novel nucleotide sequence has been found to comprise 
10 two copies of the sequence TGTCNC, recognized by those of skill in the art as a putative 
auxin response element which may function globally within plant genomes and could 
potentially be coupled with other expression factors to provide temporal, tissue, and/or 
developmental specificity of hormone-induced expression for a particular gene. 

The promoter of the present invention can be obtained from the flanking region 5' of 
il 15 and including its respective transcription initiation site. Methods for isolation of promoter 
« regions are well known in the art. One method is described in U.S. patent application Serial. 

iJ3 No. 09/387,720 filed August 30, 1999. A sequence for the promoter region including the 5' 

3 untranslated region is set forth in each of SEQ ID NOS : 3, 4, and 1 6. 

2 The isolated promoter sequence of the present invention can be modified to provide for 

:y 20 a range of induced and/or uninduced expression levels of the heterologous nucleotide 
S sequence. Less than the entire promoter region can be utilized and the ability to drive 

preferential expression retained. However, it is recognized that expression levels of mRNA 
can be decreased with deletions of portions of the promoter sequence. Thus, the promoter can 
be modified to be a weak or strong promoter. Generally, by "weak promoter" is intended a 
25 promoter that drives expression of a coding sequence at a low level. By M low level" is 

intended levels of about 1/10,000 transcripts to about 1/100,000 transcripts to about 1/500,000 
transcripts. Conversely, a strong promoter drives expression of a coding sequence at a high 
level, or at about 1/10 transcripts to about 1/100 transcripts to about 1/1,000 transcripts. 
Generally, at least about 20 nucleotides of an isolated promoter sequence will be used to drive 
30 expression of a nucleotide sequence. 
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It is recognized that to increase transcription levels, enhancers can be utilized in 
combination with the promoter regions of the invention. Enhancers are nucleotide sequences 
that act to increase the expression of a promoter region. Enhancers are known in the art and 
include the SV40 enhancer region, the 35S enhancer element, and the like. 
5 Smaller fragments may yet contain the regulatory properties of the promoter, and 

deletion analysis is one method of identifying essential regions. Deletion analysis can occur 
from both the 5' and 3' ends of the regulatory region. Fragments can be obtained by linker- 
scanning mutagenesis, mutagenesis using the polymerase chain reaction, and the like. (See, 
Directed Mutagenesis: A Practical Approach IRL Press (1991)). The 3' deletions can identify 
10 the 3 ' end and delineate the essential region so that this region may then be operably linked to 
a core promoter of choice. Once the essential region is identified, transcription of an 
exogenous gene may be controlled by the essential region plus a core promoter. The core 
=.Q promoter can be any one of known core promoters such as the Cauliflower Mosaic Virus 35S 

5 or 19S promoter (U.S. Patent No. 5,352,605), ubiquitin promoter (U.S. Patent No. 5,5 10,474), 

; 0 15 the IN2 core promoter (U.S. Patent No. 5,364,780), or a Figwort Mosaic Virus promoter 
{fj (Gruber, et al. "Vectors for Plant Transformation" Methods in Plant Molecular Biology and 

f Biotechnology Glick et al. eds, CRC Press pp.89-1 19 (1993)). 

5- The promoter region of the invention may be isolated from any plant, including, but 

:1 not limited to, maize (Zea mays), canola (Brassica napus, Brassica rapa ssp.), alfalfa 

]fi 20 (Medicago sativa), rice (Oryza sativa), rye (Secale cereale), sorghum (Sorghum bicolor, 
U Sorghum vulgare), sunflower (Helianthus annuus), wheat (Triticum aestivum), soybean 

(Glycine max), tobacco (Nicotiana tabacum), potato (Solanum tuberosum), peanuts (Arachis 
hypogaea), cotton (Gossypium hirsutum), sweet potato (Ipomoea batatus), cassava (Manihot 
esculenta), coffee (Cofea spp.), coconut (Cocos nucifera), pineapple (Ananas comosus), citrus 
25 trees (Citrus spp.), cocoa (Theobroma cacao), tea (Camellia sinensis), banana (Musa spp.), 

avocado (Persea americana), fig (Ficus casica), guava (Psidium guajava), mango (Mangifera 
indica), olive (Olea europaea), oats (Avena sativa), and barley (Hordeum vulgare). 
Preferably, plants include maize, soybean, sunflower, safflower, canola, wheat, barley, rye, 
alfalfa, and sorghum. 

30 Promoter sequences may be isolated according to well-known techniques based on 

homology to a promoter sequence set forth herein, or based on proximity to polynucleotides 

-21- 



*J3 



homologous to the coding region of ZmAxigl. In these techniques, all or part of the known 
sequence may be used as a probe which selectively hybridizes to certain sequences present in 
a population of cloned genomic DNA fragments (i.e. genomic libraries) from a chosen 
organism. Probes may also be used to isolate nucleic acid fragments of interest from a 
5 population of nucleic acids not existing as part of a library. Methods are readily available in 
the art for the hybridization of nucleic acid sequences. Sequence comparison software, as 
described supra, may also be utilized to identify homologous polynucleotides. 

In general, sequences that correspond to the promoter sequence of the present 
invention and hybridize to the promoter sequence disclosed herein will be at least 50% 
10 homologous, 70% homologous, and even 85% homologous or more with the disclosed 
sequence. That is, the sequence similarity between probe and target may range, sharing at 
least about 50%, 55%, 60%, 65%, 70%, 75%, and even about 80%, 85%, 90%, 95%, 99%, or 
q 100% sequence similarity. 

Preferred hybridization conditions for the promoter sequence of the invention include 
in 15 hybridization at 42°C in 50%(w/v) fbrmamide, 6X SSC, 0.5% SDS, lOOjig/ml salmon sperm 
jjjj DNA. Exemplary low stringency conditions include a wash at 42°C in a solution of 2X SSC, 

m 0.5% (w/v) SDS for 30 minutes and repeating. Exemplary moderate stringency conditions 

Q include a wash in 2X SSC, 0.5% (w/v) SDS at 50°C for 30 minutes and repeating. Exemplary 

l2 high stringency conditions include a wash in 0.1X SSC, 0.5% (w/v) SDS, at about 65°C for 

Jlf 20 about 30 minutes, and repeating. Sequences that correspond to the promoter of the present 
invention may be obtained using all the above conditions. For purposes of defining the 
invention, the high stringency conditions are used. 

Further, the nucleotide sequence for the promoter of the invention, the ZmAxigl 
promoter, as well as fragments and variants thereof, can be provided in expression cassettes 
25 along with heterologous nucleotide sequences for expression in the plant or plant tissue 

culture of interest. Such an expression cassette is provided with a plurality of restriction sites 
for insertion of the nucleotide sequence to be under the transcriptional regulation of the 
promoter. These expression cassettes are useful in the genetic manipulation of any plant to 
achieve a desired phenotypic response. To improve transformation frequency, the expression 
30 cassette may include polynucleotides enhancing tissue culture response, such as LEC1 
polynucleotides (see WO 00/28058). The expression cassette will also include, at the 3' 
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terminus of the heterologous nucleotide sequence of interest, a transcriptional and 
translational termination region functional in plants. The termination region can be native to 
the promoter nucleotide sequence of the present invention, can be native to the DNA sequence 
of interest, or can be derived from another source. Convenient termination regions are 
5 available from the Ti-plasmid of A. tumefaciens, such as the octopine synthase and nopaline 
synthase termination regions. See also, Guerineau et al. ? Mol. Gen. Genet . 262:141-144 
(1991); Proudfoot, Cell 64:671-674 (1991); Sanfacon et al., Genes Dev. 5:141-149 (1991); 
Mogen et al., Plant Cell 2:1261-1272 (1990); Munroe et al., Gene 91:151-158 (1990); Ballas 
et al.. Nucleic Acids Res. 17:7891-7903 (1989); Joshi et al.. Nucleic Acid Res. 15:9627-9639 
10 (1987). 

Examples of other nucleotide sequences which can be used with the ZmAxigl promoter 
or variants include complementary nucleotidic units such as antisense molecules (callase 
| antisense RNA, barnase antisense RNA and chalcone synthase antisense RNA, Ms45 
S antisense RNA), ribozymes and external guide sequences, an aptamer or single stranded 

■<0 15 nucleotides. Also, the heterologous nucleotide sequence may encode rol B, DAM methylase, 
avidin, or certain cytotoxins; may encode proteins involved in the biosynthesis of auxins or 
• y diphtheria toxin; or may be selected from a prokaryotic regulatory system. By way of 

3 example, Mariani, et al., Nature; Vol. 347; pp. 737; (1990), have shown that expression in the 

2 tapetum of either Aspergillus oryzae RNase-Tl or an RNase of Bacillus amyloliquefaciens, 

if 20 designated "barnase," induced destruction of the tapetal cells, resulting in male infertility. Quaas, 
et al, Eur. J. Biochem . Vol. 173: pp. 617 (1988), describe the chemical synthesis of the RNase- 
Tl, while the nucleotide sequence of the barnase gene is disclosed in Hartley, J. Molec. Biol; 
Vol. 202: pp. 913 (1988). The rolB gene of Agrobacterium rhizogenes codes for an enzyme that 
interferes with auxin metabolism by catalyzing the release of free indoles from indoxyl-fi- 
25 glucosides. Estruch, et al., EMBO J. Vol. 11: pp. 3125 (1991) and Spena, et al., Theor. Appl. 
Genet.; Vol. 84: pp. 520 (1992), have shown that the anther-specific expression of the rolB gene 
in tobacco resulted in plants having shriveled anthers in which pollen production was severely 
decreased and shown the rolB gene is an example of a gene that is useful for the control of pollen 
production. Slightom, et al., J. Biol. Chem . Vol. 261: pp. 108 (1985), disclose the nucleotide 
30 sequence of the rolB gene. DNA molecules encoding the diphtheria toxin gene can be obtained 
from the American Type Culture Collection (Rockville, MD), ATCC No. 39359 or ATCC No. 
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67011 and see Fabijanski, et al., E.P. Appl. No. 90902754.2 , "Molecular Methods of Hybrid 
Seed Production" for examples and methods of use. The DAM methylase gene is used to cause 
sterility in the methods discussed at U.S. Patent No. 5,689,049 and PCT/US95/15229; Cigan, 
A.M. and Albertsen, M.C., "Reversible Nuclear Genetic System for Male Sterility in Transgenic 
5 Plants". Also see discussion of use of the avidin gene to cause sterility at U.S. Patent No. 
5,962,769, "Induction of Male Sterility in Plants by Expression of High Levels of Avidin ," 
Albertsen, M., and Howard, J. 

The present invention also provides, among other things, compositions and methods 
for modulating (i.e., increasing or decreasing), in plants or plant tissue cultures, the levels of 

10 polynucleotides and polypeptides of interest. In particular, the polynucleotides of the present 
invention can be expressed temporally or spatially, e.g., at developmental stages, in tissues, 
and/or in quantities, which are uncharacteristic of non-recombinantly engineered plants or 
plant cells. Thus, the present invention provides utility in such exemplary applications as 
modifying plant response to auxins, including changes in development of vascular tissues, 

15 formation of lateral and adventitious roots, control of apical dominance, and tropic responses. 
In particular, tissue-preferred expression in response to auxin, as provided by the present 
invention, could be useful in such exemplary applications as restoration of fertility in 
genetically sterile maize plants. 

In addition, it may be advantageous to restrict expression of a given trait in certain or 

20 all tissues when such expression is not required or not desirable. The tissue-preferred 

expression exemplified by the present invention provides utility in designing such systems to 
restrict gene expression. For example, a promoter having tissue-preferred or temporal- 
specific expression could be combined with an antisense construct for the gene of interest, 
reducing or eliminating expression of the gene of interest in particular plant tissues and/or at 

25 particular develomental stages. 

Additionally, the anther-preferred nature of the ZmAxigl promoter allows design of 
systems, such as antisense, to downregulate gene expression during microspore development. 
That is, a construct combining the auxin-induced, anther-preferred ZmAxigl promoter with a 
structural gene in antisense orientation would provide inducible, tissue-preferred restriction of 

30 expression of, for example, otherwise-constitutively expressed native genes or transgenes. 
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Restriction of expression in microspore development would be useful in alleviating certain 
environmental concerns associated with transgenic plants. 

Further, the ZmAxigl promoter could be used to drive genes which confer a growth 
advantage in culture or induce embryogenesis of cultured cells. 
5 The expression cassette can additionally contain 5' leader sequences. Such leader 

sequences can act to enhance translation. Translation leaders are known in the art and 
include: picornavirus leaders, for example, EMCV leader (Encephalomyocarditis 5' 
noncoding region), Elroy-Stein et al. Proc. Nat. Acad. Sci. USA 86:6126-6130 (1989); 
potyvirus leaders, for example, TEV leader (Tobacco Etch Virus), Allison et al.; MDMV 
10 leader (Maize Dwarf Mosaic Virus), Virology 154:9-20 (1986); human immunoglobulin 
heavy-chain binding protein (BiP), Macejak et al, Nature 353:90-94 (1991); untranslated 
leader from the coat protein mRNA of alfalfa mosaic virus (AMV RNA 4), Jobling et aL 
2 Nature 325:622-625 (1987); Tobacco mosaic virus leader (TMV), Gallie et al. (1989) 

^ Molecular Biology of RNA , pages 237-256; and maize chlorotic mottle virus leader (MCMV) 

IM 15 Lommel et al., Virology 81:382-385 (1991). See also Della-Cioppa et al., Plant Physiology 
i fj 84:965-968(1987). The cassette can also contain sequences that enhance translation and/or 

■ y mRNA stability such as introns. 

13 In those instances where it is desirable to have the expressed product of the 

.J, heterologous nucleotide sequence directed to a particular organelle, particularly the plastid, 

W 20 amyloplast, or endoplasmic reticulum, or secreted at the cell's surface or extracellularly, the 
H expression cassette can further comprise a coding sequence for a transit peptide. Such transit 

peptides are well known in the art and include, but are not limited to, the transit peptide for the 
acyl carrier protein, the small subunit of RUBISCO, plant EPSP synthase, and the like. One 
skilled in the art will readily appreciate the many options available in expressing a product to 
25 a particular organelle. For example, the barley alpha amylase sequence is often used to direct 
expression to the endoplasmic reticulum (Rogers, J. Biol. Chem. 260:3731-3738 (1985)). Use 
of transit peptides is well known (e.g., see U.S. Patents Nos. 5,717,084; 5,728,925). 

In preparing the expression cassette, the various DNA fragments can be manipulated 
so as to provide for the DNA sequences in the proper orientation and, as appropriate, in the 
30 proper reading frame. Toward this end, adapters or linkers can be employed to join the DNA 
fragments, or other manipulations can be involved to provide for convenient restriction sites, 
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removal of superfluous DNA, removal of restriction sites, and the like. For this purpose, in 
vitro mutagenesis, primer repair, restriction digests, annealing, and resubstitutions, such as 
transitions and transversions, can be involved. 

As noted herein, the present invention provides vectors capable of expressing genes of 
5 interest under the control of the promoter. In general, the vectors should be functional in plant 
cells. At times, it may be preferable to have vectors that are functional in E. coli (e.g., 
production of protein for raising antibodies, DNA sequence analysis, construction of inserts, 
obtaining quantities of nucleic acids). Vectors and procedures for cloning and expression in 
E. coli are discussed in Sambrook, et al. (supra). 
10 The transformation vector, comprising the promoter sequence of the present invention 

operably linked to a heterologous nucleotide sequence in an expression cassette, can also 
contain at least one additional nucleotide sequence for a gene to be cotransformed into the 
organism. Alternatively, the additional sequence(s) can be provided on another 
^ transformation vector. 

111 15 The invention also includes vectors comprising the ZmAxigl gene. A vector is 

l fl prepared comprising the ZmAxigl coding sequence, a promoter which will drive expression of 

yj the gene in the plant, and a terminator region. As noted, the promoter in the construct may be 

Q the native promoter or a substituted promoter which will provide expression in the plant. 

0* Selection of the promoter will depend upon the intended use of the gene. There may be other 

W 20 components of the vector, chosen depending upon intended use, such as selectable markers, 

y* targeting or regulatory sequences, stabilizing or leader sequences, etc. See, for example, 

Gruber, et al., supra. The selection of an appropriate expression vector will depend upon the 
host and the method of introducing the expression vector into the host. The expression cassette 
will also include, at the 3' terminus of the heterologous nucleotide sequence of interest, a 
25 transcriptional and translational termination region functional in plants. The termination 
region can be native to the promoter nucleotide sequence of the present invention, can be 
native to the DNA sequence of interest, or can be derived from another source. Convenient 
termination regions are available from the Ti-plasmid of A. tumefaciens, such as the octopine 
synthase and nopaline synthase termination regions. See also, Guerineau et al., Mol. Gen. 
30 Genet . 262:141-144 (1991); Proudfoot, Cell 64:671-674 (1991); Sanfacon et al., Genes Dev. 
5:141-149 (1991); Mogen et al., Plant Cell 2:1261-1272 (1990); Munroe et al., Gene 91:151- 
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158 (1990); Ballas et al., Nucleic Acids Res. 17:7891-7903 (1989); Joshi et aL, Nucleic Acid 
Res. 15:9627-9639 (1987). 

Reporter genes can be included in the transformation vectors. Examples of suitable 
reporter genes known in the art can be found in, for example, Jefferson et aL (1991) in Plant 
5 Molecular Biology Manual ed. Gelvin et al. (Kluwer Academic Publishers), pp. 1-33; DeWet 
et al. Mol. Cell Biol . 7:725-737 (1987); Goff et al. EMBO J. 9:2517-2522 (1990); Kain et al. 
BioTechniques 19:650-655 (1995); and Chiu et aL Current Biology 6:325-330 (1996). 

Selectable marker genes for selection of transformed cells or tissues can be included in 
the transformation vectors. These can include genes that confer antibiotic resistance or 
10 resistance to herbicides. Examples of suitable selectable marker genes include, but are not 
limited to, genes encoding resistance to chloramphenicol, Herrera Estrella et aL EMBO J. 
2:987-992(1983); methotrexate, Herrera Estrella et al. Nature 303:209-213(1983); Meijer et 
S al. Plant MoL Biol . 16:807-820 (1991); hygromycin, Waldron et al. Plant Mol. Biol . 5:103- 

2 108 (1985); Zhijian et al. Plant Science 108:219-227 (1995); streptomycin, Jones et al . Mol. 

U1 15 Gen. Genet. 210:86-91(1987); spectinomycin, Bretagne-Sagnard et al. Transgenic Res . 5:131- 
U 137 (1996); bleomycin, Hille et al. Plant MoL Biol. 7:171-176 (1990); sulfonamide, 

W Guerineau et al. Plant Mol. Biol . 15:127-136(1990); bromoxynil, Stalker et al. Science 

O 242:419-423 (1988); glyphosate, Shaw et al. Science 233:478-481(1986); phosphinothricin, 

2 DeBlock et aL EMBO J . 6:2513-2518 (1987). 

W 20 The present invention also provides isolated nucleic acids comprising polynucleotides 

of sufficient length and complementarity to a gene of the present invention to use as probes or 
amplification primers in the detection, quantitation, or isolation of gene transcripts. For 
example, isolated nucleic acids of the present invention can be used as probes in detecting 
differences in mRNA levels in screenings for desired transgenic plants, for detecting 

25 mutations in the gene (e.g., substitutions, deletions, or additions), for monitoring upregulation 
of expression or changes in enzyme activity in screening assays of compounds, for detection 
of any number of allelic variants (polymorphisms), orthologs, or paralogs of the gene, or for 
site-directed mutagenesis in eukaryotic cells (see, e.g., U.S. Patent No. 5,565,350). The 
isolated nucleic acids of the present invention can also be used for recombinant expression of 

30 their encoded polypeptides, or for use as immunogens in the preparation and/or screening of 
antibodies. The isolated nucleic acids of the present invention can also be employed for use in 
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sense or antisense suppression of one or more genes of the present invention in a host cell, 
tissue, or plant. Attachment of chemical agents which bind, intercalate, cleave and/or 
crosslink to the isolated nucleic acids of the present invention can also be used to modulate 
transcription or translation. 

The isolated nucleic acids and polypeptides of the present invention can be used over a 
broad range of plant types, particularly monocots such as the species of the family Gramineae 
including Hordeum, Secale, Triticum, Sorghum (e.g., S. bicolor) and Zea (e.g., Z. mays). The 
isolated nucleic acid and proteins of the present invention can also be used in species from the 
genera: Cucurbita, Rosa, Vitis, Juglans, Fragaria, Lotus, Medicago, Onobrychis, Trifolium, 
Trigonella, Vigna, Citrus, Linum, Geranium, Manihot, Daucus, Arabidopsis, Brassica, 
Raphanus, Sinapis, Atropa, Capsicum, Datura, Hyoscyamus, Ly coper sicon, Nicotiana, 
Solarium, Petunia, Digitalis, Majorana, Ciahorium, Helianthus, Lactuca, Bromus, Asparagus, 
Antirrhinum, Heterocallis, Nemesis, Pelargonium, Panieum, Pennisetum, Ranunculus, 
Senecio, Salpiglossis, Cucumis, Browallia, Glycine, Pisum, Phaseolus, Lolium, Oryza, and 
Avena. 

Nucleic Acids 

Unless otherwise stated, the polynucleotide sequences identified in Figure 10 represent 
polynucleotides of the present invention. A nucleic acid of the present invention comprises a 
polynucleotide of the present invention. 

The present invention provides, among other things, isolated nucleic acids of RNA, 
DNA, and analogs and/or chimeras thereof, comprising a polynucleotide of the present 
invention. 

A polynucleotide of the present invention is inclusive of: 

(a) the exemplary polynucleotides of Figure 10; 

(b) a polynucleotide which is the product of amplification from a Zea mays nucleic 
acid library using primer pairs which selectively hybridize under stringent conditions to loci 
within a polynucleotide of the present invention; 

(c) an isolated polynucleotide which selectively hybridizes to a polynucleotide of (a); 

(d) an isolated polynucleotide having a specified sequence identity with a 
polynucleotide of (a), (b), or (c); 
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(e) complementary sequences of polynucleotides of (a), (b), or (d). 



A, Polynucleotides of Figure 10 

As indicated in (a), above, the present invention provides isolated nucleic acids 
5 comprising a polynucleotide of the present invention. In addition, each variant nucleic acid 
which encodes a polypeptide of the present invention is implicit in each described polypeptide 
sequence and is within the scope of the present invention. 

SEQ ID Nos. 3, 4, and 16 are representative of the ZmAxigl promoter region. 

10 B. Polynucleotides Amplified from a Plant Nucleic Acid Library 

As indicated in (b), above, the present invention provides an isolated nucleic acid 
comprising a polynucleotide of the present invention, wherein the polynucleotides are 
amplified, under nucleic acid amplification conditions, from a Zea mays nucleic acid library. 
;£ Nucleic acid amplification conditions for each of the variety of amplification methods are well 

111 15 known to those of ordinary skill in the art. The plant nucleic acids can be from a monocot 
in such as a cereal crop. Exemplary cereals include maize, sorghum, wheat, and rice. The plant 

^ J nucleic acids can also be from a dicot such as soybean, alfalfa, or canola. Zea mays lines B73, 

O A632, W23, and Mol7 are known and publicly available. Other publicly known and available 

ij : maize lines can be obtained from the Maize Genetics Cooperation (Urbana, IL). Wheat lines 

yy?. 20 are available from the Wheat Genetics Resource Center (Manhattan, KS). 
f.,k The nucleic acid library may be a cDNA library, a genomic library, or a library 

generally constructed from nuclear transcripts at any stage of intron processing. Rapidly- 
growing tissues or rapidly-dividing cells are preferred for use as an mRNA source for 
construction of a cDNA library. An especially-preferred cDNA library is constructed from 
25 anther tissue of Zea mays plants treated with two daily soil drenches of 12 \xl dicamba 

formulation (Banvel®, 48.2% active ingredient dicamba) in 450 ml water. cDNA libraries 
can be normalized to increase the representation of relatively rare cDNAs. In optional 
embodiments, the cDNA library is constructed using an enriched full-length cDNA synthesis 
method. Examples of such methods include Oligo-Capping (Maruyama, K. and Sugano, S. 
30 Gene 138: 171-174, 1994), Biotinylated CAP Trapper (Carninci, P., Kvan, C, et al Genomics 
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37: 327-336, 1996), and CAP Retention Procedure (Edery, E., Chu, L.L., et ah Molecular and 
Cellular Biology 15: 3363-3371, 1995). 

The present invention also provides subsequences of the polynucleotides of the present 
invention. A variety of subsequences can be obtained using primers which selectively 
5 hybridize under stringent conditions to at least two sites within a polynucleotide of the present 
invention, or to two sites within the nucleic acid which flank and comprise a polynucleotide of 
the present invention, or to a site within a polynucleotide of the present invention and a site 
within the nucleic acid which comprises it. Primers are chosen to selectively hybridize, under 
stringent hybridization conditions, to a polynucleotide of the present invention such that a 
10 single contiguous nucleic acid can be formed under the desired amplification conditions. 

In optional embodiments, the primers will be constructed so that they selectively 
hybridize under stringent conditions to a sequence (or its complement) within the target 
nucleic acid which comprises the 3 5 terminal coding region or 5' terminal coding region of a 
h 0 polynucleotide of the present invention. Optionally within these embodiments, the primers 

| s jFl 15 will be constructed to selectively hybridize entirely within the coding region of the target 
j y polynucleotide of the present invention such that the product of amplification of a cDNA 

ffl target will consist of the coding region of that cDNA. The primer length in nucleotides is 

rg selected from the group of integers consisting of from at least 15 to 50. Preferred primers 

J comprise those listed as SEQ ID NOS. 6, 7, 8, 9, 10, 14 and 15. 

U 20 The amplification products can be translated using expression systems well known to 

y. those of skill in the art and as discussed, infra. The resulting translation products can be 

confirmed as polypeptides of the present invention by, for example, assaying for the 
appropriate catalytic activity (e.g., specific activity and/or substrate specificity), or verifying 
the presence of one or more epitopes which are specific to a polypeptide of the present 
25 invention. Methods for protein synthesis from PCR-derived templates are known in the art 
and available commercially. See, e.g., Amersham Life Sciences, Inc, Catalog '97, p.354. 

Methods for obtaining 5 ? and/or 3' ends of a vector insert are well known in the art. 
See, e.g., RACE (Rapid Amplification of Complementary Ends) as described in Frohman, M. 
A., in PCR Protocols: A Guide to Methods and Applications, M. A. Innis, D. H. Gelfand, J. J. 
30 Sninsky, T. J. White, Eds. (Academic Press, Inc., San Diego), pp. 28-38 (1990)); see also, 

U.S. Pat. No. 5,470,722, and Current Protocols in Molecular Biology, Unit 15.6, Ausubel, et 
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a/., Eds., Greene Publishing and Wiley-Interscience, New York (1995); Frohman and Martin, 
Techniques 1:165 (1989). 

C. Polynucleotides Which Selectively Hybridize to a Polynucleotide of (A) or (B) 

5 As indicated in (c), above, the present invention provides isolated polynucleotides 

which selectively hybridize to a polynucleotide of (A) or (B) above. Thus, the 
polynucleotides of this embodiment can be used for isolating, detecting, and/or quantifying 
nucleic acids comprising the polynucleotides of (A) or (B). For example, polynucleotides of 
the present invention can be used to identify, isolate, or amplify partial or full-length clones in 
10 a deposited library. 

D. Polynucleotides Having a Specific Sequence Identity with the Polynucleotides of (A), (B) or 
% (Q 

^ As indicated in (d), above, the present invention provides isolated polynucleotides 

\n 15 having a specified identity at the nucleotide level to a polynucleotide as disclosed above in 
:«i sections (A), (B), or (C). Identity can be calculated using, for example, the BLAST, 

CLUSTALW, or GAP algorithms under default conditions. The percentage of identity to a 
Q reference sequence is at least 50% and, rounded upwards to the nearest integer, can be 

s,X expressed as an integer selected from the group of integers consisting of from 50 to 99. Thus, 

^ 20 for example, the percentage of identity to a reference sequence can be at least about 50%, 
S 55%, 60%, 65%, 70%, 75%, and even about 80%, 85%, 90%, 95%, 99%, or 100%. 

Optionally, the polynucleotides of the present invention will encode a polypeptide that 
will share an epitope with a polypeptide encoded by the polynucleotides of sections (A), (B), 
or (C). Thus, these polynucleotides encode a first polypeptide which elicits production of 
25 antisera comprising antibodies which are specifically reactive to a second polypeptide 

encoded by a polynucleotide of (A), (B), or (C). However, the first polypeptide does not bind 
to antisera raised against itself when the antisera has been fully immunosorbed with the 
second polypeptide. Hence, the polynucleotides of this embodiment can be used to generate 
antibodies for use in, for example, the screening of expression libraries for nucleic acids 
30 comprising polynucleotides of (A), (B), or (C), or for purification of, or in immunoassays for, 
polypeptides encoded by the polynucleotides of (A), (B), or (C). The polynucleotides of this 
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embodiment embrace nucleic acid sequences which can be employed for selective 
hybridization to a polynucleotide encoding a polypeptide of the present invention. 

Screening polypeptides for specific binding to antisera can be conveniently achieved 
using peptide display libraries. In addition to direct chemical synthetic methods for 
5 generating peptide libraries, several recombinant DNA methods have been described. See, 
for example, PCT patent publication Nos. 91/17271, 91/18980, 91/19818, 93/08278, 
92/05258, 92/14843, and 97/20078 and U.S. Patent Nos. 5,658,754 and 5,643,768. 

E. Polynucleotides Complementary to the Polynucleotides of (A), (B), or (D) 
10 As indicated in (e), above, the present invention provides isolated nucleic acids 

comprising polynucleotides complementary to the polynucleotides of sections A, B, or D, 
above. 

Construction of Nucleic Acids 

15 The isolated nucleic acids of the present invention can be made using (a) standard 

recombinant methods, (b) synthetic techniques, or (c) combinations thereof. In some 
embodiments, the polynucleotides of the present invention will be cloned, amplified, or 
otherwise constructed from a monocot. In preferred embodiments the monocot is Zea mays. 
Such techniques are well known to those of skill in the art; for example, see Sambrook, et aL, 

20 Molecular Cloning: A Laboratory Manual, 2nd Ed., Cold Spring Harbor Laboratory Vols. 1- 
3 (1989); Methods in Enzymology, Vol. 152: Guide to Molecular Cloning Techniques, 
Berger and Kimmel, Eds., San Diego: Academic Press, Inc. (1987); Plant Molecular Biology: 
A Laboratory Manual, Clark, Ed., Springer-Verlag, Berlin (1997); and, Current Protocols in 
Molecular Biology, Ausubel, et aL, Eds., Greene Publishing and Wiley-Interscience, New 

25 York (1995). 

The present invention further provides recombinant expression cassettes comprising a 
nucleic acid of the present invention. A recombinant expression cassette will typically 
comprise a polynucleotide of the present invention operably linked to transcriptional initiation 
regulatory sequences which will direct the transcription of the polynucleotide in the intended 
30 host cell, such as tissues of a transformed plant. 
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In some embodiments, isolated nucleic acids which serve as promoter or enhancer 
elements can be introduced in the appropriate position (generally upstream) of a non- 
heterologous form of a polynucleotide of the present invention so as to up- or down- regulate 
expression of a polynucleotide of the present invention. For example, endogenous promoters 
5 can be altered in vivo by mutation, deletion, and/or substitution (see, Kmiec, U.S. Patent 
5,565,350; Zarling et ah, PCT/US93/03868), or isolated promoters can be introduced into a 
plant cell in the proper orientation and distance from a gene of the present invention so as to 
control the expression of the gene. Gene expression can be modulated under conditions 
suitable for plant growth so as to alter the total concentration and/or alter the composition of 
10 the polypeptides of the present invention in plant cell. Thus, the present invention provides 
compositions, and methods for making, heterologous promoters and/or enhancers operably 
linked to a native, endogenous (i.e., non-heterologous) form of a polynucleotide of the present 
hfi invention. 

:,:f-B 

^ Both heterologous and non-heterologous (i.e., endogenous) promoters can be 

W% 15 employed to direct expression of the nucleic acids of the present invention. These promoters 
m can also be used, for example, in recombinant expression cassettes to drive expression of 

m antisense nucleic acids to reduce, increase, or alter concentration and/or composition of the 

O proteins of the present invention in a desired tissue. Thus, in some embodiments, the nucleic 

$2 ac id construct will comprise a promoter, functional in a plant cell, operably linked to a 

52 20 polynucleotide of the present invention. Promoters useful in these embodiments include the 
M endogenous promoters driving expression of a polypeptide of the present invention. 

A polynucleotide of the present invention can be expressed in either sense or anti- 
sense orientation as desired. In plant cells, it has been shown that antisense RNA inhibits 
gene expression by preventing the accumulation of mRNA which encodes the enzyme of 
25 interest, see, e.g., Sheehy et a/., Proc, Natl Acad Set (USA) 85: 8805-8809 (1988); and 
Hiatt et a/., U.S. Patent No. 4,801,340. 
Transfection/Transformation of Cells 

The method of transformation/transfection is not critical to the instant invention; 
various methods of transformation or transfection are currently available. Thus, any method 
30 which provides for effective transformation/transfection may be employed. 
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Procedures for transforming a wide variety of plant species are well known and described 
throughout the literature. See, for example, Miki et al, "Procedures for Introducing Foreign 
DNA into Plants" in Methods in Plant Molecular Biotechnology, supra; Klein et al ? 
Bio/Technology 10:268 (1992); and Weising et al, Ann. Rev. Genet 22: 421-477 (1988). 
5 For example, the DNA construct may be introduced into the genomic DNA of the plant cell 
using techniques such as microprojectile-mediated delivery, Klein et al, Nature 327: 70-73 
(1987); electroporation, Fromm et al., Proc. Natl. Acad. Sci. 82: 5824 (1985); polyethylene 
glycol (PEG) precipitation, Paszkowski et al. EMBO J. 3: 2717-2722 (1984); direct gene 
transfer WO 85/01856 and EP No. 0 275 069; in vitro protoplast transformation U.S. patent 
10 no. 4,684,61 1 ; and microinjection of plant cell protoplasts or embryogenic callus. Crossway, 
Mol. Gen. Genetics 202:179-185 (1985). Co-cultivation of plant tissue with Agrobacterium 
tumefaciens is another option, where the DNA constructs are placed into a binary vector 

51 system. See e.g., U.S. Patent No. 5,591,616; Ishida et al., "High Efficiency Transformation of 

52 Maize (Zea mays L.) mediated by Agrobacterium tumefaciens" Nature Biotechnology 14:745- 
W 15 750 (1996). The virulence functions of the Agrobacterium tumefaciens host will direct the 

Hi insertion of the construct into the plant cell DNA when the cell is infected by the bacteria. See, 

■"Up s 

ffi for example Horsch et al., Science 233: 496-498 (1984), and Fraley et al., Proc . Natl. Acad. 

O Sci 80:4803 (1983). 

Standard methods for transformation of canola are described at Moloney et al. "High 
20 Efficiency Transformation of Brassica napus using Agrobacterium Vectors" Plant Cell 
U Reports 8:238-242 (1989). Corn transformation is described by Fromm et al, Bio/Technology 

8:833 (1990) and Gordon-Kamm et al, supra. Agrobacterium is primarily used in dicots, but 
certain monocots such as maize can be transformed by Agrobacterium. See supra and U.S. 
Patent No. 5,550,3 1 8. Rice transformation is described by Hiei et al., "Efficient 
25 Transformation of Rice (Oryza sativs L.) Mediated by Agrobacterium and Sequence Analysis 
of the Boundaries of the T-DNA" The Plant Journal 6(2): 271-282 (1994, Christou et al, 
Trends in Biotechnology 10:239 (1992) and Lee et al, Proc. Nat 1 ! Acad. Sci. USA 88:6389 
(1991). Wheat can be transformed by techniques similar to those used for transforming corn 
or rice. Sorghum transformation is described at Casas et al, supra and sorghum by Wan et al, 
30 Plant Physiol 1 04:37 (1994). Soybean transformation is described in a number of 
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publications, including U.S. Patent no. 5,015,580. As newer methods are available to 
transform crops or other host cells they may be directly applied. 

Transgenic Plant Regeneration 

5 Transformed plant cells which are derived by any of the above transformation 

techniques can be cultured to regenerate a whole plant which possesses the transformed 
genotype. Such regeneration techniques often rely on manipulation of certain phytohormones 
in a tissue culture growth medium. For transformation and regeneration of maize see, Gordon- 
Kamm et al, The Plant Cell, 2:603-618 (1990). Transgenic plants of the present invention 
10 may be fertile or sterile. 

Plants cells transformed with a plant expression vector can be regenerated, e.g., from 
single cells, callus tissue or leaf discs, according to standard plant tissue culture techniques. 
Si Plant regeneration from cultured protoplasts is described in Evans et al , Protoplasts Isolation 

% and Culture, Handbook of Plant Cell Culture, Macmillan Publishing Company, New York, 

fH 15 pp. 124-176 (1983); and Binding, Regeneration of Plants, Plant Protoplasts, CRC Press, Boca 
m Raton, pp. 21-73 (1985). 

• ^ The regeneration of plants containing the foreign gene introduced by Agrobacterium 

O from leaf explants can be achieved as described by Horsch et al, Science, 227:1229-1231 

1 2 (1985). Regeneration can also be obtained from plant callus, explants, organs, or parts thereof 

W 20 as described generally in Klee et al, Ann. Rev. of Plant Phys. 38: 467-486 (1987). The 
U regeneration of plants from either single plant protoplasts or various explants is well known in 

the art. See, for example, Methods for Plant Molecular Biology, A. Weissbach and H. 
Weissbach, eds., Academic Press, Inc., San Diego, Calif. (1988). For maize cell culture and 
regeneration see generally, The Maize Handbook, Freeling and Walbot, Eds., Springer, New 
25 York (1994); Corn and Corn Improvement, 3 rd edition, Sprague and Dudley Eds., American 
Society of Agronomy, Madison, Wisconsin (1988). 

One of skill will recognize that after the recombinant expression cassette is stably 
incorporated in transgenic plants and confirmed to be operable, it can be introduced into other 
plants by sexual crossing. Any of a number of standard breeding techniques can be used, 
30 depending upon the species to be crossed. 
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Parts obtained from the regenerated plant, such as flowers, seeds, leaves, branches, 
fruit, and the like are included in the invention, provided that these parts comprise cells 
comprising the isolated nucleic acid of the present invention. Progeny and variants and 
mutants of the regenerated plants are also included within the scope of the invention, provided 
5 that these parts comprise the introduced nucleic acid sequences. Generally, a number of 
transgenic lines are usually screened for the incorporated nucleic acid to identify and select 
plants with the most appropriate expression profiles. 

A preferred embodiment is a transgenic plant that is homozygous for the added 
heterologous nucleic acid; i.e., a transgenic plant that contains two added nucleic acid 
10 sequences, one gene at the same locus on each chromosome of a chromosome pair. A 

homozygous transgenic plant can be obtained by sexually mating (selfing) a heterozygous 
transgenic plant that contains a single added heterologous nucleic acid, germinating some of 
JfJ the seed produced and analyzing the resulting plants for altered expression of a polynucleotide 

^ of the present invention relative to a control plant (i.e., native, non-transgenic). Back-crossmg 

111 15 to a parental plant and out-crossing with a non-transgenic plant are also contemplated. 

11 fi Induction of expression of a polynucleotide of the present invention may be controlled 
^ by exogenous administration of an effective amount of inducing compound. In preferred 

Q embodiments, the inducing compound is a natural or synthetic auxin. In preferred 

12 embodiments, the polypeptides of the present invention are modulated in monocots, 
;;H 20 particularly maize. 

Modulating Polypeptide Levels and/or Composition 

The present invention further provides a method for modulating (i.e., increasing or 
25 decreasing) the concentration or ratio of the polypeptides of the present invention in a plant or 
part thereof. Modulation can be effected by increasing or decreasing the concentration and/or 
the ratio of the polypeptides of the present invention in a plant. The method comprises 
introducing into a plant cell a recombinant expression cassette comprising a polynucleotide of 
the present invention as described above to obtain a transgenic plant cell, culturing the 
30 transgenic plant cell under transgenic plant cell growing conditions, and allowing, inducing or 
repressing expression of a polynucleotide of the present invention in the transgenic plant for a 
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time sufficient to modulate concentration and/or the ratios of the polypeptides in the 
transgenic plant or plant part. 

In some embodiments, the concentration and/or ratios of polypeptides of the present 
invention in a plant may be modulated by altering, in vivo or in vitro, the promoter of a gene 
5 to up- or down-regulate gene expression. In some embodiments, the coding regions of native 
genes of the present invention can be altered via substitution, addition, insertion, or deletion to 
decrease activity of the encoded enzyme. See, e.g., Kmiec, U.S. Patent 5,565,350; Zarling et 
aL, WO 93/22443. And in some embodiments, an isolated nucleic acid (e.g., a vector) 
comprising a promoter sequence is transfected into a plant cell. Subsequently, a plant cell 
10 comprising the promoter operably linked to a polynucleotide of the present invention is 

selected for by means known to those of skill in the art such as, but not limited to, Southern 
blot, DNA sequencing, or PCR analysis using primers specific to the promoter and to the gene 
% and detecting amplicons produced therefrom. A plant or plant part altered or modified by the 

H foregoing embodiments is grown under plant forming conditions for a time sufficient to 

m 1 5 modulate the concentration and/or ratios of polypeptides of the present invention in the plant. 
J fS Plant forming conditions are well known in the art and discussed briefly, supra. 

W Modulating nucleic acid expression temporally and/or in particular tissues can be 

C9 controlled by employing the appropriate promoter operably linked to a polynucleotide of the 

i l present invention in, for example, sense or antisense orientation as discussed in greater detail, 

Jijy 20 supra. 

All publications and patent applications mentioned are herein incorporated by 
reference to the same extent as if each individual publication or patent application were 
specifically and individually indicated to be incorporated by reference. 
25 Although the present invention is described in some detail by way of illustration and 

example for purposes of clarity of understanding, it will be obvious that certain changes and 
modifications may be practiced within the scope of the appended claims. 



Example 1 - RNA Isolation and Profiling 

30 Greenhouse grown maize plants (public inbred A632) were treated with two daily soil 

drenches of 12 fil dicamba formulation (Banvel®, 48.2% active ingredient dicamba) in 450 ml 
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water. Anthers containing microsporocytes at meiosis II through early uninucleate stages of 
development were harvested on the third day and frozen. Anthers containing microsporocytes 
at prophase through early uninucleate stages of development were harvested from non-treated 
plants. Frozen tissues were ground and total RNA extracted with Tripure™ isolation reagent 
5 (Boehringer Mannheim, Indianapolis, IN) according to the manufacturer's instructions. 

RNA isolated from anthers of three dicamba-treated plants and three non-treated plants 
was sent to laboratories of CuraGen Corporation (New Haven, CT) for quantitative expression 
profiling. Two peaks in the upper panel of Figure 1 represent cDNA fragments induced by the 
treatment and expressed at a level greater than 2.5-fold higher than the control. These two 
10 cDNA bands were isolated and sequenced. A 52-bp sequence (SEQ ID No. 13) of each band 
was also found to appear in two Pioneer EST clones (SEQ ID No. 1 and SEQ ID No. 12); see, 
for example, Figure 2. This shared sequence (SEQ ID No. 12) was used to probe northern 
■ S blots containing mRNA from dicamba-treated plants, non-treated plants, and plants treated 

with other agrochemicals. The probe hybridized very strongly with mRNA from anthers of 

10 15 dicamba-treated plants. Hybridization was also observed to a lesser degree with mRNA from 
j'H the tassel or whorl leaf of dicamba-treated plants. (Figure 3) 

?B The same probe also hybridized to mRNA isolated from BMS (Black Mexican Sweet) 

Q maize cultured on medium containing the synthetic auxin 2,4-D. The probe did not hybridize 

i2 to mRNA from the anther or entire aerial portion of untreated plants or plants treated with 

W 20 other agrochemicals, including Dichlormid, CBSU, ConcepIII®, Basagran ®, Carboxin, 

11 Diuron, Metalaxyl, or Tilt ® (Figure 4). 

Sequences identical to SEQ ID. No. 12 and SEQ ID No. 1 have not been found in 
public databases. The putative gene product shows some similarity to Aux/IAA proteins 
encoded by a family of auxin-responsive genes isolated from various dicot plants (Figure 5), 
25 and the gene has been named ZmAxigl . 

Example 2 - Expression Analysis 

Progeny of transgenic maize plants, hemizygous for the maize anther-preferred 
promoter 5126 (U.S. Patent Nos. 5,689,049 and 5,689,051) driving DAM methylase linked 
30 with 35S:PAT (p5126:DAM/35S:PAT), were grown in the greenhouse. Expression of 
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p5 126:DAM is known to ablate the tapetum prior to the quartet stage of microspore 
development, which results in male sterile plants. 

Plants segregating for male fertile/glufosinate-ammonium susceptible phenotype 
(wild-type) or for male sterile/glufosinate-ammonium resistant phenotype 

5 (p5 126:DAM/35S:PAT), were treated with a dicamba soil drench as described above, or were 
not treated. Quartet/early-uninucleate stage anthers were harvested from these plants and 
mRNA was isolated with the QuickPrep® Micro mRNA purification kit (Amersham 
Pharmacia, Piscataway, NJ) according to the manufacturer's instructions. Northern blot 
analyses showed that dicamba treatment induced expression of ZmAxigl only in anthers from 

10 wild-type male fertile plants, not in anthers from male sterile plants containing 

p5126:DAM/35S:PAT (Figure 6). Additionally, Ms45 expression is detected in anther mRNA 
from male fertile plants but not in anther mRNA from male sterile p5126:DAM/35S:PAT 
plants. Ms45 has been shown to be expressed specifically in the tapetum (see U.S. Patents 
5,478,369 and 6,037,523). These results indicate that dicamba preferentially induces ZmAxigl 

15 expression in the tapetum. 

Quartet/early-uninucleate stage anthers from dicamba-treated or non-treated plants 
were harvested and embedded for in situ hybridization or frozen for mRNA isolation as 
described above. Northern blot analyses showed that ZmAxigl expression was induced in 
anthers of dicamba treated plants. ZmAxigl antisense RNA probe showed strong in situ 

20 hybridization to RNA in the tapetum of anthers and microspores from dicamba treated plants 
and did not show hybridization to anthers from non-treated plants (Figure 7). The ZmAxigl 
sense RNA probe did not show hybridization to anthers from either treatment. Thus, ZmAxigl 
transcripts are induced in the tapetum by dicamba treatment. 



25 Example 3 - Isolation of 5* Region 

To obtain the ZmAxigl 5' flanking region, endonuclease digested/adapter ligated (DL) 
libraries were prepared from maize genomic DNA (public inbred A632) using the 
GenomeWalker™ kit (CLONTECH, Palo Alto, CA). DNA oligonucleotides, Primer 1 (SEQ 
ID No.: 6) and Primer 2 (SEQ ID No.: 7), were used along with the provided 
30 GenomeWalker™ adapter primers for PCR amplification of the ZmAxigl 5' flanking region . 
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PCR products amplified from the Seal and StuI DL libraries were cloned into the 
TOPO™ TA cloning vector (Invitrogen, Carlsbad, CA). The PCR reactions were repeated 
with the GenomeWalker™ adapter primers and with DNA oligonucleotides Primer 3 (Seq. ID 
No.: 8) or Primer 4 (Seq. ID No.: 9), which span the putative start codon for the ZmAxigl 
gene. Primer 4 is a synthetic oligo to create aNcol restriction site at the start codon of 
ZmAxigl . The PCR products were cloned into the TOPO™ TA cloning vector as described 
above. 

To confirm the sequence, the ZmAxigl 5' region was PCR amplified from maize 
genomic DNA using Pwo DNA polymerase (Boehringer Mannheim, Indianapolis, IN) 
with Primer 4 (Seq. ID No.: 9) and another gene-specific primer, Primer 5 (Seq. ID No.: 10). 
PCR products (-1.3 kb) were cloned into the pCR Blunt™ vector (Invitrogen, Carlsbad, CA) 
and sequenced. 

Example 4 - Fertility Restoration using the ZmAxigl Promoter 

Two vectors were designed which differed in the size of the ZmAxigl 5' region 
included. 

A first DNA plasmid was constructed by combining the ZmAxigl promoter (661 bases 
5' of the start codon) with the Ms45 coding sequence and 35S:PAT in a T-DNA vector. This 
plasmid was cointegrated with Japan Tobacco plasmid pSBl (Japan Tobacco, Inc; see U.S. 
Patent No. 5,981,840) to create a first suitable vector, VI. 

A second DNA plasmid was constructed by combining the ZmAxigl promoter (1307 
bases 5' of the start codon) with the Ms45 coding sequence and 35S:PAT in a T-DNA vector. 
This plasmid was cointegrated with Japan Tobacco plasmid pSBl to create a second suitable 
vector, V2. 

Maize GS3Ms45EX4 embryos, segregating for homozygous ms45 (male sterile) and 
Ms45/ms45 (male fertile) genotypes, were transformed with the first and second vectors using 
Agrobacterium. 

RNA was isolated, as described above, from two callus lines transformed with VI and 
24 callus lines transformed with V2. Northern analyses showed that the Ms45 transgene is 
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expressed in both of the VI transformed lines and 23 of the 24 V2 transformed lines (Figure 
8). This shows that the ZmAxigl promoter is able to drive expression of transgenes in maize 
cells cultured on medium containing the synthetic auxin 2,4-D. 

Transformed cell lines homozygous for the ms45 male sterile genotype were screened 
5 by quantitative PCR screening and advanced for regeneration into plants. Positive lines were 
transferred to 289B medium, an MS-based medium containing bialaphos and carbenicillin, 
with lower sucrose and hormone levels, to initiate plant regeneration. Following somatic 
embryo maturation (2-3 weeks), well-developed somatic embryos were transferred to medium 
for germination and transferred to the lighted culture room. Approximately 7 days later, 
10 developing plantlets were transferred to medium in tubes for 7 days until plantlets were well 
established. Plants were then transferred to inserts in flats (equivalent to 2.5" pot) containing 
potting soil and grown for one week in a growth chamber, subsequently grown an additional 
| 1-2 weeks in the greenhouse, then transferred to classic 600 pots (1.6 gallon) and grown to 
matunty. 

Ill 15 From each of 20 independent callus lines transformed with V2, six regenerated plants 

ilfi were grown in the greenhouse. When anthers approached quartet stage of microspore 
W development, plants were treated with a daily soil drench (200 to 450 ml of water containing 3 
Q jil dicamba formulation), for one, two or three days, or were not treated. The plants were 
l2 scored for fertility after tassels emerged. Of 39 non-treated plants, 36 were sterile, 1 exerted a 
20 few anthers containing pollen (partially fertile, also known as "shedder" phenotype) and 2 did 
H not have tassels that could be scored. Of 81 plants that were treated with dicamba, 69 plants 

produced anthers with pollen (36 shedder, 33 fertile). Pollen from 9 dicamba-treated plants 
was used to pollinate ears of non-transformed plants, resulting in kernels which germinated 
into plants, indicating that the pollen was viable. 
25 To observe if other synthetic auxins are able to induce male fertility in 

pZmAxigl :Ms45 plants with male sterile genotype, homozygous ms45 (male sterile) V2 
transgenic progeny were treated with 10 |al clopyralid formulation (Stinger®, 40.9% active 
ingredient clopyralid) in foliar applications with 1 ml water, soil drench applications with 200 
ml water, or were not treated. Two of five plants treated with foliar applications of clopyralid, 
30 and three of six plants treated with clopyralid soil drench applications, showed partial to 
complete male fertile phenotypes. The nine non-treated plants remained male sterile. 
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Example 5 - Obtaining Full-Leagth Sequence of ZmAxi2l 

To obtain the full-length sequence of the ZmAxigl gene, SEQ ID. No. 12 was used to 
screen a B73 genomic library. This library was made by cloning Sau3 AI partially digested 
5 genomic DNA into a BamHI digested genomic cloning vector (Lambda Dash II, Stratagene, 
La Jolla, CA). Approximately lxlO 6 plaques were screened using an E. coli strain suitable for 
genomic DNA (ER1647, New England Biolabs, MA) as the host. Clone 10.1 was purified to 
homogeneity after three rounds of screening. Southern blot analysis showed that an 
EcoRI/SacI fragment of about 4 kb in length hybridized with SEQ ID. No. 12. This fragment 
10 was subcloned to a cloning vector (Bluescript SK+, Statagene, La Jolla, CA) and sequenced. 
This clone contained part of the Lambda Dashll vector as well as sequence homologous to all 
except the first 408 nucleotides of SEQ ID. No. 1 . 

Primer 6 (SEQ ID No. 14) and primer 7 (SEQ ID No. 1 5) were used to PCR amplify a 
^0 2.2 kb fragment from maize genomic DNA using Pfx DNA polymerase (Life Technologies, 

m 15 Inc., Rockville, MD). This fragment overlaps the ZmAxigl 5' region and includes the entire 
fJi coding sequence and the 3' flanking region of the gene. 

SS Figure 9 is a GAP comparison of the full-length ZmAxigl sequence (Sequence ID No. 

q 5) and the CZAAL47 sequence (Sequence ID No. 1). 

yj 20 Example 6 - Use of pZmAxishi LEC1 to confer a growth advantage in tissue culture 

ll Transformation was performed as follows: Using the genotype High type II (Hi-II) as 

an example, ears were surface sterilized in 30% Clorox bleach plus 0.5% Micro detergent for 
20 minutes, and rinsed three times with sterile water. The immature embryos were excised 
and placed embryo axis side down (scutellum side up), 25 embryos per plate, and cultured for 
25 3-5 days on 560P medium, an N6-based medium containing Eriksson's vitamins, thiamine, 
sucrose, 2,4-D (2mg/L), and silver nitrate. Two to twelve hours before bombardment these 
embryos were transferred to high osmotic 560Y medium, N6-based medium containing 
Eriksson's vitamins, thiamine, 12% sucrose, 2,4-D (1 mg/L), and silver nitrate. Plasmid DNA 
was precipitated onto 1.0 m (average diameter) gold pellets using a CaCl 2 precipitation 
30 procedure as follows: 50 1 prepared gold particles in water, 10 1 D N A (used at a 

concentration of 0.1 g/ 1) iriTrisEDTA buffer (1 g t otal), 50 1 2 . 5 M CaCl 2 , 20 1 0. 1 M 
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spermidine. Each reagent was added sequentially to the gold particle suspension, while 
maintained on the multi-tube vortexer. The final mixture was sonicated briefly and allowed to 
incubate under constant vortexing for 10 minutes. After the precipitation period, the tubes 
were centrifuged briefly, liquid removed, washed with 250 1 1 OCP/o ethanol, and centrifuged 
5 for 30 seconds. Again the liquid was removed, and 30110 CP/o ethanol was added to the final 
gold particle slurry. For particle gun bombardment, the gold/DNA particles were briefly 
sonicated and 5 1 spotted onto the center of eachmacrocarrier and allowed to dry about 2 
minutes before bombardment. 

The sample plates were bombarded at level #4 using a Dupont biolistics particle gun. 
10 Al] samples received a single shot at 650 PSI, with a total of six aliquots taken from each tube 
of prepared particles/DNA. Expression cassettes containing the ZmAxigl -driven LEC1 cDNA 
(see WO 00/28058) were co-introduced into the scutella of these embryos, along with an 
S expression cassette containing the selectable marker gene PAT (Wohlleben et al (1988) Gene 

5 70:25-37) that confers resistance to the herbicide bialaphos, fused to the green fluorescence 

|i 15 protein (GFP; see WO 95/07463), allowing selection on bialaphos-containing medium while 
;y observing transformation with GFP. 

II As a negative control, embryos were bombarded with the same PAT/GFP fusion 

O construct along with either GUS or a frameshift version of LEC 1 . For a positive control, 

^ embryos were shot with LEC1 driven by the Ubiquitin promoter. 

m 20 Twelve to 24 hours following bombardment, embryos were then transferred back to 

5 560P culture medium and incubated in the dark at 26°C. After one week of culture these 

embryos were moved to 560R selection medium, an N6-based medium containing Eriksson's 
vitamins, thiamine, sucrose, 2,4-D (2mg/L), silver nitrate, and Bialaphos (3 mg/L). Cultures 
were then transferred every two weeks until transformed colonies appeared. 
25 As shown in Figure 11, ZmAxigl -driven LEC1 expression stimulated somatic 

embryogenesis in Hi-II cultures, as evidenced by increased transformation frequencies. This 
was apparent when the cultures were compared to controls (transformed without the LEC1 
cDNA). In most cases, pZmAxigl ::LEC1 stimulated transformation frequencies to a level 
comparable to or better than that observed with the ubiquitin promoter. 

30 
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Example 7 - Use of ZmAxigl to restrict expression of transformants 

The anther-preferred nature of the ZmAxigl promoter allows design of transgenic 
systems to downregulate gene expression in developing microspores. For example, a construct 
combining the auxin-induced, anther-preferred ZmAxigl promoter with a structural gene in 
5 antisense orientation would provide inducible, tissue-preferred restriction of expression of 
native genes or transgenes which are otherwise constitutively expressed. 

Example 8 - Construction of a cDNA library 

Total RNA can be isolated from maize tissues with TRIzol Reagent (Life Technology 
10 Inc. Gaithersburg, MD) using a modification of the guanidine isothiocyanate/acid-phenol 
procedure described by Chomczynski and Sacchi (Chomczynski, P., and Sacchi, N. Anal 
Biochem. 162, 156 (1987)). In brief, plant tissue samples are pulverized in liquid nitrogen 
% before the addition of the TRIzol Reagent, and then further homogenized with a mortar and 

5 pestle. Addition of chloroform followed by centrifugation is conducted for separation of an 

Iff 15 aqueous phase and an organic phase. The total RNA is recovered by precipitation with 
I fi isopropyl alcohol from the aqueous phase. 

W The selection of poly(A)+ RNA from total RNA can be performed using PolyATact 

13 system (Promega Corporation. Madison, WI). Biotinylated oligo(dT) primers are used to 

iu hybridize to the 3' poly (A) tails on mRNA. The hybrids are captured using streptavidin 

W 20 coupled to paramagnetic particles and a magnetic separation stand. The mRNA is then 
il washed at high stringency conditions and eluted by RNase-free deionized water. 

cDNA synthesis and construction of unidirectional cDNA libraries can be 
accomplished using the Superscript Plasmid System (Life Technology Inc. Gaithersburg, 
MD). The first strand of cDNA is synthesized by priming an oligo(dT) primer containing a 
25 Not I site. The reaction is catalyzed by Superscript Reverse Transcriptase II at 45°C. The 
second strand of cDNA is labeled with alpha- 32 P-dCTP and a portion of the reaction analyzed 
by agarose gel electrophoresis to determine cDNA sizes. cDNA molecules smaller than 500 
base pairs and unligated adapters are removed by Sephacryl-S400 chromatography. The 
selected cDNA molecules are ligated into pSPORTl vector in between of Not I and Sal I sites. 
30 Alternatively, cDNA libraries can be prepared by any one of many methods available. 

For example, the cDNAs may be introduced into plasmid vectors by first preparing the cDNA 
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libraries in Uni-ZAP™ XR vectors according to the manufacturer's protocol (Stratagene 
Cloning Systems, La Jolla, CA). The Uni-ZAP™ XR libraries are converted into plasmid 
libraries according to the protocol provided by Stratagene. Upon conversion, cDNA inserts 
will be contained in the plasmid vector pBluescript. In addition, the cDNAs may be 
5 introduced directly into precut Bluescript II SK(+) vectors (Stratagene) using T4 DNA ligase 
(New England Biolabs), followed by transfection into DH10B cells according to the 
manufacturer's protocol (GIBCO BRL Products)/ Once the cDNA inserts are in plasmid 
vectors, plasmid DNAs are prepared from randomly picked bacterial colonies containing 
recombinant pBluescript plasmids, or the insert cDNA sequences are amplified via 
10 polymerase chain reaction using primers specific for vector sequences flanking the inserted 
cDNA sequences. Amplified insert DNAs or plasmid DNAs are sequenced in dye-primer 
sequencing reactions to generate partial cDNA sequences (expressed sequence tags or 

[| "ESTs"; see Adams et al, (1991) Science 252:1651-1656). The resulting ESTs are analyzed 

% using a Perkin Elmer Model 377 fluorescent sequencer. 

H 15 

j n Example 9 - Construction of a full-length enriched cDNA library 

m An enriched full-length cDNA library can be constructed using one of two variations 

O of the method of Carninci et al Genomics 37: 327-336, 1996. These variations are based on 

\1 chemical introduction of a biotin group into the diol residue of the 5' cap structure of 

|f 20 eukaryotic mRNA to select full-length first strand cDNA. The selection occurs by trapping 
M the biotin residue at the cap sites using streptavidin-coated magnetic beads followed by RNase 

I treatment to eliminate incompletely synthesized cDNAs. Second strand cDNA is 
synthesized using established procedures such as those provided in Life Technologies' 
(Rockville, MD) "Superscript Plasmid System for cDNA Synthesis and Plasmid Cloning" kit. 
25 Libraries made by this method have been shown to contain 50% to 70% full-length cDNAs. 

The first strand synthesis methods are detailed below. An asterisk denotes that the 
reagent was obtained from Life Technologies, Inc. 

A. First strand cDNA synthesis method 1 (with trehalose) 
30 mRNA(lOug) 25jal 
*Not I primer (5ug) 1 Ojn.1 
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*5x 1 st strand buffer 


43 ul 


*0.1m DTT 


20ul 


*dNTPmix 10mm 


lOul 


BSA lOug/ul 


lul 


Trehalose (saturated) 


59.2ul 


KiNase lnniDitor ^rroinegdj 


i Siii 


* Superscript II RT 200u/ul 


20ul 


100% glycerol 


18ul 


Water 


7ul 



10 

The mRNA and Not I primer are mixed and denatured at 65°C for 10 min. They are 
then chilled on ice and other components added to the tube. Incubation is at 45°C for 2 min. 
Twenty microliters of RT (reverse transcriptase) is added to the reaction and start program on 
the thermocycler (MJ Research, Waltham, MA): 



H 15 


Step 1 


45°C lOmin 


ri 


Step 2 


45°C -0.3°C/cycle , 2 seconds/cycle 




Step 3 


go to 2 for 33 cycles 




Step 4 


35°C 5min 


ifias 
S3 


Step 5 


45°C 5min 


3 20 


Step 6 


45°C 0.2°C/cycle, 1 sec/cycle 




Step 7 


go to 7 for 49 cycles 




Step 8 


55°C 0.1 o C/cycle, 12 sec/cycle 




Step 9 


go to 8 for 49 cycles 




Step 10 


55°C 2min 


25 


Step 11 


60°C 2min 




Step 12 


go to 1 1 for 9 times 




Step 13 


4°C forever 




Stepl4 


end 



30 B. First strand cDNA synthesis method 2 
mRNA(10u.g) 25ul 
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water 30ul 
*Not I adapter primer (5ug) 1 Oul 

65°C for lOmin, chill on ice, then add following reagents, 
*5x first buffer 20ul 
5 *0.1MDTT lOul 
*10mMdNTPmix 5jj.1 

Incubate at 45°C for 2 min, then add 10p.l of * Superscript II RT (200u/ul), start the 

following program: 
10 Step 1 45°C for 6 sec, -0.1°C/cycle 

Step 2 go to 1 for 99 additional cycles 

Step 3 35°C for5min 

Step 4 45°C for 60 min 

Step 5 50°C for 10 min 

15 Step 6 4°C forever 

Step 7 end 

After the 1 st strand cDNA synthesis, the DNA is extracted by phenol according to 
standard procedures, and then precipitated in NaOAc and ethanol, and stored in -20°C. 



a 20 



C. Oxidization of the diol group of mRNAfor biotin labeling 

First strand cDNA is spun down and washed once with 70% EtOH. The pellet 
resuspended in 23.2 ul of DEPC treated water and put on ice. Prepare 100 mM of NaI04 
freshly, and then add the following reagents: 
25 mRNA: 1 st cDNA (start with 20ug mRNA ) 46.4ul 
1 OOmM NaI04 (freshly made) 2.5ul 
NaOAc 3M pH4.5 1.1 ul 

To make 100 mMNaI04, use 21.39u.g of NaI04 for lul of water. 
30 Wrap the tube in a foil and incubate on ice for 45min. 
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After the incubation, the reaction is then precipitated in: 
SMNaCl 10|nl 
20%SDS 0.5pl 
isopropanol 61 pi 

5 Incubate on ice for at least 30 min, then spin it down at max speed at 4°C for 30 min 

and wash once with 70% ethanol and then 80% EtOH. 

D. Biotinylation of the mRNA diol group 

Resuspend the DNA in 1 lOpl DEPC treated water, then add the following reagents: 
10 20% SDS 5 pi 

2MNaOAcpH6.1 5 pi 

1 0mm biotin hydrazide (freshly made) 300 pi 
Wrap in a foil and incubate at room temperature overnight. 

%G 

="fs 15 E. RNase I treatment 
m Precipitate DNA in: 

r 5MNaCl 

sit™ 

Sj 2MNaOAcpH6.1 

f\ biotinylated mRNAxDNA 

|3 20 100% EtOH (2.5 Vol) 

(Perform this precipitation in two tubes and split the 420 ul of DNA into 210 p.1 each, add 5\i\ 

of 5M NaCl, 37.5^1 of 2M NaOAc pH 6.1, and 631.25 |il of 100% EtOH). 

Store at -20°C for at least 30 min. Spin the DNA down at 4°C at maximal speed for 30 min. 
25 and wash with 80% EtOH twice, then dissolve DNA in 70jal RNase free water. Pool two 

tubes and end up with 140 ul. 

Add the following reagents: 

RNase One lOU/ul 40ul 

1 st cDNA:RNA 140ul 
30 1 OX buffer 20ul 

-48- 



lOul 
75ul 
420ul 
1262.5ul 



Incubate at 37°C for 15min. 

Add 5|ul of 40p,g/jal yeast tRNA to each sample for capturing. 



F. Full length 1 cDNA capturing 
5 Blocking the beads with yeast tRNA: 
Beads 1ml 
Yeast tRNA 40jLig/^l 5jal 

Incubate on ice for 30min with mixing, wash 3 times with 1ml of 2M NaCl , 
SOmmEDTA, pH 8.0. 

10 Resuspend the beads in SOOjul of 2M NaCl , 50mm EDTA, pH 8.0, add RNase I treated 

sample 200|il 9 and incubate the reaction for 30min at room temperature. 
Capture the beads using the magnetic stand, save the supernatant, and start following washes: 

ijj 2 washes with 2M NaCl , 50mm EDTA, pH 8.0, 1 ml each time, 

I| 1 wash with 0.4% SDS, 50u.g/ml tRNA, 

J5 15 1 wash with 10mm Tris-Cl pH 7.5, 0.2mm EDTA, 10mm NaCl, 20% glycerol, 
III 1 wash with 50|ig/ml tRNA, 

J" 1 wash with 1 st cDNA buffer 

.lifts. 



G. Second strand cDNA synthesis 




Resuspend the beads in: 




*5X first buffer 


8ul 


*0.1mMDTT 


4ul 


*10mmdNTPmix 


8ul 


*5X2nd buffer 


6Q\i\ 


*E.coli Ligase lOU/ul 


2p.l 


*E.coli DNA polymerase 10U/^1 


8ul 


*E. coli RNaseH 2U/(il 


2ul 


P32 dCTP lOud/ul 


2\d 


Or water up to 300ul 


208^1 


Incubate at 16°C for 2hr with mixing the reaction in every 30 min. 
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Add 4\il of T4 DNA polymerase and incubate for additional 5 min at 16°C. 
Elute 2 nd cDNA from the beads. 

Use a magnetic stand to separate the 2 nd cDNA from the beads, then resuspend the beads in 
5 200jxl of water, and then separate again, pool the samples (about 500jal), 

Add 200 |xl of water to the beads, then 200|al of phenol: chloroform, vortex, and spin to 
separate the sample with phenol. 

Pool the DNA together (about 700jil) and use phenol to clean the DNA again, DNA is then 
precipitated in 2jxg of glycogen and 0.5 vol of 7.5M NH40Ac and 2 vol of 100% EtOH. 
10 Precipitate overnight. Spin down the pellet and wash with 70% EtOH, air-dry the pellet. 

« DNA 
P 7.5MNH40Ac 

ijj 15 100% EtOH 
jjjj glycogen ljig/^l 

%j H. Sail adapter ligation 

l j Resuspend the pellet in 26 [xl of water and use 1 |iil for TAE gel. 

p 20 Set up reaction as following: 



2 nd strand cDNA 25|al 

*5X T4 DNA ligase buffer 1 Ojal 

*Sal I adapters lOjal 

*T4 DNA ligase 5jxl 



25 Mix gently, incubate the reaction at 16°C overnight. 

Add 2jlx1 of ligase second day and incubate at room temperature for 2 hrs (optional). 

Add SOjliI water to the reaction and use IOOjliI of phenol to clean the DNA, 90|il of the upper 
phase is transferred into a new tube and precipitate in: 
30 Glycogen l|Lig/|il 2jli1 
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250^1 DNA 200|nl 

125(il 7.5MNH40Ac 100^1 

750|Lil 100% EtOH 600jLtl 

2jal glycogen l\ig/]x\ 2\il 



Upper phase DNA 



7.5MNH40AC 



100% EtOH 



90ul 
50ul 
300ul 



5 



precipitate at -20°C overnight 

Spin down the pellet at 4°C and wash in 70% EtOH, dry the pellet. 



I. Not I digestion 
2 nd cDNA 



41 ill 



*Reaction 3 buffer 



5ul 



10 



*NotI 15u/ul 



4ul 



Mix gently and incubate the reaction at 37°C for 2hr. 

Add 50 \i\ of water and 100pl of phenol, vortex , and take 90ul of the upper phase to a new 
tube, then add 50ul of NH40Ac and 300 jal of EtOH. Precipitate overnight at -20°C. 

15 Cloning, ligation, and transformation are performed per the Superscript cDNA synthesis kit. 

Example 10 - cDNA sequencing and library subtraction 

Individual colonies can be picked and DNA prepared either by PCR with Ml 3 
forward primers and Ml 3 reverse primers, or by plasmid isolation. cDNA clones can be 
20 sequenced using Ml 3 reverse primers. 

cDNA libraries are plated out on 22 x 22 cm 2 agar plate at density of about 3,000 
colonies per plate. The plates are incubated in a 37°C incubator for 12-24 hours. Colonies are 
picked into 384-well plates by a robot colony picker, Q-bot (GENETIX Limited). These 
plates are incubated overnight at 37°C. Once sufficient colonies are picked, they are pinned 
25 onto 22 x 22 cm 2 nylon membranes using Q-bot. Each membrane holds 9,216 or 36,864 

colonies. These membranes are placed onto an agar plate with an appropriate antibiotic. The 
plates are incubated at 37°C overnight. 

After colonies are recovered on the second day, these filters are placed on filter paper 
prewetted with denaturing solution for four minutes, then incubated on top of a boiling water 
30 bath for an additional four minutes. The filters are then placed on filter paper prewetted with 
neutralizing solution for four minutes. After excess solution is removed by placing the filters 
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on dry filter papers for one minute, the colony side of the filters is placed into Proteinase K 
solution, incubated at 37°C for 40-50 minutes. The filters are placed on dry filter papers to 
dry overnight. DNA is then cross-linked to nylon membrane by UV light treatment. 

Colony hybridization is conducted as described by Sambrook,!, Fritsch, E.F. and 
5 Maniatis, T., (in Molecular Cloning: A laboratory Manual, 2 nd Edition). The following probes 
can be used in colony hybridization: 

1 . First strand cDNA from the same tissue as the library was made from, to remove 
the most redundant clones. 

2. 48-192 most redundant cDNA clones from the same library based on previous 
10 sequencing data. 

3. 192 most redundant cDNA clones in the entire maize sequence database. 

4. A Sal-A20 oligo nucleotide: TCG ACC CAC GCG TCC GAA AAA AAA AAA 
% AAA AAA AAA (Seq. ID No. 1 1) removes clones containing a poly A tail but no cDNA. 

' 3 5. cDNA clones derived from rRNA. 

j n 15 The image of the autoradiography is scanned into computer and the signal intensity 

and cold colony addresses of each colony is analyzed. Re-arraying of cold-colonies from 384 
ffi well plates to 96 well plates is conducted using Q-bot. 

S 5iS * 
2 

W 20 Example 11 - Identification of the gene from a computer homology search 

i2 Gene identities can be determined by conducting BLAST (Basic Local Alignment 

Search Tool; Altschul, S. F., et al., (1993) J. Mol. Biol. 215:403-410; see also 
www.ncbi.nlm.nih.gov/BLAST/) searches under default parameters for similarity to 
sequences contained in the BLAST "nr" database (comprising all non-redundant GenBank 

25 CDS translations, sequences derived from the 3 -dimensional structure Brookhaven Protein 

Data Bank, the last major release of the SWISS-PROT protein sequence database, EMBL, and 
DDBJ databases). The cDNA sequences are analyzed for similarity to all publicly available 
DNA sequences contained in the "nr" database using the BLASTN algorithm. The DNA 
sequences are translated in all reading frames and compared for similarity to all publicly 

30 available protein sequences contained in the "nr" database using the BLASTX algorithm 
(Gish, W. and States, D. J. Nature Genetics 5:266-272 (1993)) provided by the NCBL In 
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some cases, the sequencing data from two or more clones containing overlapping segments of 
DNA are used to construct contiguous DNA sequences. 

Sequence alignments and percent identity calculations can be performed using the 
Megalign program of the LASERGENE bioinformatics computing suite (DNASTAR Inc., 
Madison, WI). Multiple alignment of the sequences can be performed using the Clustal 
method of alignment (Higgins and Sharp (1989) CABIOS. 5:151-153) with the default 
parameters (GAP PEN ALT Y= 10, GAP LENGTH PENALTY=10). Default parameters for 
pairwise alignments using the Clustal method are KTUPLE 1, GAP PENALTY=3, 
W1ND0W=5 and DIAGONALS SAVED=5. 



Example 12 - Expression of transgenes in monocot cells 

A transgene comprising a cDNA encoding the instant polypeptides in sense orientation 
n with respect to the maize 27 kD zein promoter that is located 5' to the cDNA fragment, and 

g the 10 kD zein 3' end that is located 3' to the cDNA fragment, can be constructed. The cDNA 

1 15 fragment of this gene may be generated by polymerase chain reaction (PCR) of the cDNA 
y clone using appropriate oligonucleotide primers. Cloning sites (Ncol or Smal) can be 

B incorporated into the oligonucleotides to provide proper orientation of the DNA fragment 

3 when inserted into the digested vector pML103 as described below. Amplification is then 

"j performed in a standard PCR. The amplified DNA is then digested with restriction enzymes 

A 20 Ncol and Smal and fractionated on an agarose gel. The appropriate band can be isolated from 

2 the gel and combined with a 4.9 kb Ncol-Smal fragment of the plasmid pMLl 03. Plasmid 
pML103 has been deposited under the terms of the Budapest Treaty at ATCC (American 
Type Culture Collection, 10801 University Blvd., Manassas, VA 201 10-2209), and bears 
accession number ATCC 97366. The DNA segment from pML103 contains a 1.05 kb 

25 Sall-Ncol promoter fragment of the maize 27 kD zein gene and a 0.96 kb Smal-Sall fragment 
from the 3' end of the maize 10 kD zein gene in the vector pGem9Zf(+) (Promega). Vector 
and insert DNA can be ligated at 15°C overnight, essentially as described (Maniatis). The 
ligated DNA may then be used to transform E. coli XL 1 -Blue (Epicurian Coli XL-1 Blue; 
Stratagene). Bacterial transformants can be screened by restriction enzyme digestion of 

30 plasmid DNA and limited nucleotide sequence analysis using the dideoxy chain termination 
method (Sequenase DNA Sequencing Kit; U. S. Biochemical). The resulting plasmid 
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construct would comprise a transgene encoding, in the 5' to 3' direction, the maize 27 kD zein 
promoter, a cDNA fragment encoding the instant polypeptides, and the 10 kD zein 3' region. 

The transgene described above can then be introduced into maize cells by the following 
procedure. Immature maize embryos can be dissected from developing caryopses derived 

5 from crosses of the inbred maize lines H99 and LH 1 32. The embryos are isolated 1 0 to 

1 1 days after pollination when they are 1 .0 to 1 .5 mm long. The embryos are then placed with 
the axis-side facing down and in contact with agarose-solidified N6 medium (Chu et al. 
(1975) Set Sin. Peking 18:659-668). The embryos are kept in the dark at 27°C. Friable 
embryogenic callus consisting of undifferentiated masses of cells with somatic proembryoids 

10 and embryoids borne on suspensor structures proliferates from the scutellum of these 
immature embryos. The embryogenic callus isolated from the primary explant can be 
cultured on N6 medium and sub-cultured on this medium every 2 to 3 weeks. 

The plasmid, p35S/Ac (Hoechst Ag, Frankfurt, Germany) or equivalent may be used in 
transformation experiments in order to provide for a selectable marker. This plasmid contains 

15 the Pat gene (see European Patent Publication 0 242 236) which encodes phosphinothricin 
acetyl transferase (PAT). The enzyme PAT confers resistance to herbicidal glutamine 
synthetase inhibitors such as phosphinothricin. The pat gene in p35S/Ac is under the control 
of the 35S promoter from Cauliflower Mosaic Virus (Odell et al. (1985) Nature 313:810-812) 
and the 3' region of the nopaline synthase gene from the T-DNA of the Ti plasmid of 

20 Agrobacterium tumefaciens. 

The particle bombardment method (Klein et al. (1987) Nature 327:70-73) may be used 
to transfer genes to the callus culture cells. According to this method, gold particles (1 urn in 
diameter) are coated with DNA using the following technique. Ten ug of plasmid DNAs are 
added to 50 ul of a suspension of gold particles (60 mg per ml). Calcium chloride (50 ul of a 

25 2.5 M solution) and spermidine free base (20 ul of a 1 .0 M solution) are added to the 
particles. The suspension is vortexed during the addition of these solutions. After 
10 minutes, the tubes are briefly centrifuged (5 sec at 15,000 rpm) and the supernatant 
removed. The particles are resuspended in 200 ul of absolute ethanol, centrifuged again and 
the supernatant removed. The ethanol rinse is performed again and the particles resuspended 

30 in a final volume of 30 ul of ethanol. An aliquot (5 ul) of the DNA-coated gold particles can 
be placed in the center of a Kapton flying disc (Bio-Rad Labs). The particles are then 
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accelerated into the maize tissue with a Biolistic PDS-1000/He (Bio-Rad Instruments, 
Hercules CA), using a helium pressure of 1000 psi, a gap distance of 0.5 cm and a flying 
distance of 1.0 cm. 

For bombardment, the embryogenic tissue is placed on filter paper over agarose- 
5 solidified N6 medium. The tissue is arranged as a thin lawn and covers a circular area of 
about 5 cm in diameter. The petri dish containing the tissue can be placed in the chamber of 
the PDS-1000/He approximately 8 cm from the stopping screen. The air in the chamber is 
then evacuated to a vacuum of 28 inches of Hg. The macrocarrier is accelerated with a 
helium shock wave using a rupture membrane that bursts when the He pressure in the shock 

10 tube reaches 1000 psi. 

Seven days after bombardment the tissue can be transferred to N6 medium that contains 
gluphosinate (2 mg per liter) and lacks casein or proline. The tissue continues to grow slowly 
S on this medium. After an additional 2 weeks the tissue can be transferred to fresh N6 medium 

5 containing gluphosinate. After 6 weeks, areas of about 1 cm in diameter of actively growing 

5 15 callus can be identified on some of the plates containing the glufosinate-supplemented 
5 b medium. These calli may continue to grow when sub-cultured on the selective medium. 

CO Plants can be regenerated from the transgenic callus by first transferring clusters of 

O tissue to N6 medium supplemented with 0.2 mg per liter of 2,4-D. After two weeks the tissue 

=i can be transferred to regeneration medium (Fromm et al. (1 990) Bio/Technology 5:833-839). 

B 20 

p Example 13 - Expression of trans ffenes in dicot cells 

A seed-specific expression cassette composed of the promoter and transcription 
terminator from the gene encoding the p subunit of the seed storage protein phaseolin from the 
bean Phaseolus vulgaris (Doyle et al. (1986) J. Biol. Chem. 261 :9228-9238) can be used for 

25 expression of the instant polypeptides in transformed soybean. The phaseolin cassette 

includes about 500 nucleotides upstream (5') from the translation initiation codon and about 
1650 nucleotides downstream (3') from the translation stop codon of phaseolin. Between the 
5' and 3' regions are the unique restriction endonuclease sites Nco I (which includes the ATG 
translation initiation codon), Smal, Kpnl and Xbal. The entire cassette is flanked by Hind III 

30 sites. 

The cDNA fragment of this gene may be generated by polymerase chain reaction 

-55- 



(PCR) of the cDNA clone using appropriate oligonucleotide primers. Cloning sites can be 
incorporated into the oligonucleotides to provide proper orientation of the DNA fragment 
when inserted into the expression vector. Amplification is then performed as described above, 
and the isolated fragment is inserted into a pUC18 vector carrying the seed expression 
5 cassette. 

Soybean embryos may then be transformed with the expression vector comprising 
sequences encoding the instant polypeptides. To induce somatic embryos, cotyledons, 
3-5 mm in length dissected from surface sterilized, immature seeds of the soybean cultivar 
A2872, can be cultured in the light or dark at 26°C on an appropriate agar medium for 
10 6-10 weeks. Somatic embryos which produce secondary embryos are then excised and placed 
into a suitable liquid medium. After repeated selection for clusters of somatic embryos which 
multiplied as early, globular staged embryos, the suspensions are maintained as described 
below. 

Soybean embryogenic suspension cultures can be maintained in 35 mL liquid media on 

15 a rotary shaker, 150 rpm, at 26°C with florescent lights on a 16:8 hour day/night schedule. 
Cultures are subcultured every two weeks by inoculating approximately 35 mg of tissue into 
35 ml of liquid medium. 

Soybean embryogenic suspension cultures may then be transformed by the method of 
particle gun bombardment (Klein et al. (1987) Nature (London) 327:70-73, U.S. Patent No. 

20 4,945,050). A Du Pont Biolistic PDS 1 000/HE instrument (helium retrofit) can be used for 
these transformations. 

A selectable marker gene which can be used to facilitate soybean transformation is a 
transgene composed of the 35S promoter from Cauliflower Mosaic Virus (Odell et al(1985) 
Nature 573:810-812), the hygromycin phosphotransferase gene from plasmid pJR225 (from 

25 E. coli; Gritz et a/.(1983) Gene 25:179-188) and the 3' region of the nopaline synthase gene 
from the T-DNA of the Ti plasmid of Agrobacterium turnefaciens. The seed expression 
cassette comprising the phaseolin 5 r region, the fragment encoding the instant polypeptides 
and the phaseolin 3' region can be isolated as a restriction fragment. This fragment can then 
be inserted into a unique restriction site of the vector carrying the marker gene. 

30 To 50 jal of a 60 mg/ml 1 \im gold particle suspension is added (in order): 5 jal DNA 

(1 \xg/\d\ 20 [il spermidine (0.1 M), and 50 |ul CaCl2 (2.5 M). The particle preparation is then 



agitated for three minutes, spun in a microfuge for 10 seconds and the supernatant removed. 
The DNA-coated particles are then washed once in 400 jul 70% ethanol and resuspended in 
40 jlxI of anhydrous ethanol. The DNA/particle suspension can be sonicated three times for 
one second each. Five microliters of the DNA-coated gold particles are then loaded on each 
5 macro carrier disk. 

Approximately 300-400 mg of a two-week-old suspension culture is placed in an empty 
60x15 mm petri dish and the residual liquid removed from the tissue with a pipette. For each 
transformation experiment, approximately 5-10 plates of tissue are normally bombarded. 
Membrane rupture pressure is set at 1 100 psi and the chamber is evacuated to a vacuum of 
10 28 inches mercury. The tissue is placed approximately 3.5 inches away from the retaining 

screen and bombarded three times. Following bombardment, the tissue can be divided in half 
and placed back into liquid and cultured as described above. 

Five to seven days post bombardment, the liquid media may be exchanged with fresh 
M media, and eleven to twelve days post bombardment with fresh media containing 50 mg/ml 

Kj 15 hygromycin. This selective media can be refreshed weekly. Seven to eight weeks post 
ffi bombardment, green, transformed tissue may be observed growing from untransformed, 

m necrotic embryogenic clusters. Isolated green tissue is removed and inoculated into individual 

O flasks to generate new, clonally propagated, transformed embryogenic suspension cultures, 

fi Each new line may be treated as an independent transformation event. These suspensions can 

S 20 then be subcultured and maintained as clusters of immature embryos or regenerated into 

-■:s4 

M> whole plants by maturation and germination of individual somatic embryos. 

Example 14 - Expression of a transgene in microbial cells 

The cDNAs encoding the instant polypeptides can be inserted into the T7 E. coli 
25 expression vector pBT430. This vector is a derivative of pET-3a (Rosenberg et al. (1 987) 
Gene 55:125-135) which employs the bacteriophage T7 RNA polymerase/T7 promoter 
system. Plasmid pBT430 was constructed by first destroying the EcoR I and Hind III sites in 
pET-3a at their original positions. An oligonucleotide adaptor containing EcoR I and Hind III 
sites was inserted at the BamH I site of pET-3a. This created pET-3aM with additional unique 
30 cloning sites for insertion of genes into the expression vector. Then, the Nde I site at the 

position of translation initiation was converted to anNco I site using oligonucleotide-directed 
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mutagenesis. The DNA sequence of pET-3aM in this region, 5 ! -CATATGG, was converted to 
5'-CCCATGGinpBT430. 

Plasmid DNA containing a cDNA may be appropriately digested to release a nucleic 
acid fragment encoding the protein. This fragment may then be purified on a 1% NuSieve 
5 GTG low melting agarose gel (FMC). Buffer and agarose contain 10 |ig/ml ethidium bromide 
for visualization of the DNA fragment. The fragment can then be purified from the agarose 
gel by digestion with GELase (Epicentre Technologies) according to the manufacturer's 
instructions, ethanol precipitated, dried and resuspended in 20 \il of water. Appropriate 
oligonucleotide adapters may be ligated to the fragment using T4 DNA ligase (New England 
10 Biolabs, Beverly, MA). The fragment containing the ligated adapters can be purified from the 
excess adapters using low melting agarose as described above. The vector pBT430 is 
digested, dephosphorylated with alkaline phosphatase (NEB) and deproteinized with 
£ phenol/chloroform as described above. The prepared vector pBT430 and fragment can then 

X be ligated at 16°C for 15 hours followed by transformation into DH5 electrocompetent cells 

Ul 15 (GIBCOBRL). Transformants can be selected on agar plates containing LB media and 
l|| 100 fig/mL ampicillin. Transformants containing the gene encoding the instant polypeptides 

■ ^ are then screened for the correct orientation with respect to the T7 promoter by restriction 

CI enzyme analysis. 

iJl For high level expression, a plasmid clone with the cDNA insert in the correct 

J J 20 orientation relative to the T7 promoter can be transformed into E. coli strain BL21(DE3) 
U (Studier et al. (1986) J Mol Biol 189:1 13-130). Cultures are grown in LB medium 

containing ampicillin (100 mg/L) at 25 °C. At an optical density at 600 nm of approximately 
1, IPTG (isopropylthio-p-galactoside, the inducer) can be added to a final concentration of 
0.4 mM and incubation can be continued for 3 h at 25°. Cells are then harvested by 
25 centrifugation and re-suspended in 50 |iL of 50 mM Tris-HCl at pH 8.0 containing 0.1 mM 
DTT and 0.2 mM phenyl methylsulfonyl fluoride. A small amount of 1 mm glass beads can 
be added and the mixture sonicated 3 times for about 5 seconds each time with a microprobe 
sonicator. The mixture is centrifuged and the protein concentration of the supernatant 
determined. One microgram of protein from the soluble fraction of the culture can be 
30 separated by SDS-polyacrylamide gel electrophoresis. Gels can be observed for protein bands 
migrating at the expected molecular weight. 
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The above examples are provided to illustrate the invention but not to limit its scope. 
Other applications of the invention will be readily apparent to one of ordinary skill in the art 
and are encompassed by the appended claims. 
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